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Enzymatic RNA molecules which cleave 1CAM-1 mRNA, IL-5 mRNA, ret A mRNA, TNF-o mRNA, RSV mRNA or 
RSV genomic RNA, or CML associated mRNA, and use of these molecules for the treatment of pathological conditions 
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METHOD AND REAGENT FOR INHIBITING THE EXPRESSION 
OF DISEASE RELATED GENES 

Background of the Invention 

This invention relates to reagents useful as inhibitors of gene 
expression relating to diseases such as inflammatory or autoimmune 
disorders, chronic myelogenous leukemia, or respiratory tract illness. 

Summary of the Invention 

The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting the expression of disease related 
genes, ICAM-1, IL-5, relA, TNF-a, p210 bcr-ab^ anc j respiratory 
syncytial virus genes. Such ribozymes can be used in a method for 
treatment of diseases caused by the expression of these genes in man and 
other animals, including other primates. 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide 
base sequence specific manner. Such enzymatic RNA molecules can be 
targeted to virtually any RNA transcript, and efficient cleavage has been 
achieved in vitro. Kim et al., 84 Proc. Natl. Acad. Scl USA 8788, 1987; 
Haseloff and Gerlach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et al., 17 Nucleic Acids Research 1371, 1989. 

Six basic varieties of naturally-occurring enzymatic RNAs are known 
presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds 
in trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table 1 summarizes some of the characteristics of these 
ribozymes. 

Ribozymes act by first binding to a target RNA. Such binding occurs 
through the target RNA binding portion of a ribozyme which is held in close 
proximity to an enzymatic portion of the RNA which acts to cleave the target 
RNA. Thus, the ribozyme first recognizes and then binds a target RNA 
through complementary base-pairing, and once bound to the correct site, 
acts enzymatically to cut the target RNA. Strategic cleavage of such a 
target RNA will destroy its ability to direct synthesis of an encoded protein. 
After a ribozyme has bound and cleaved its RNA target it is released from 
that RNA to search for another target and can repeatedly bind and cleave 
new targets. 
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The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block its translation) since 
the effective concentration of ribozyme necessary to effect a therapeutic 
5 treatment is lower than that of an antisense oligonucleotide. The 
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a 
single ribozyme molecule is able to cleave many molecules of target RNA. 
In addition, the ribozyme is a highly specific inhibitor, with the specificity of 
inhibition depending not only on the base pairing mechanism of binding, 

1 0 but also on the mechanism by which the molecule inhibits the expression 
of the RNA to which it binds. That is, the inhibition is caused by cleavage of 
the RNA target and so specificity is defined as the ration of the rate of 
cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to 

15 those involved in base pairing. Thus, it is thought that the specificity of 
action of a ribozyme is greater than that of antisense oligonucleotide 
binding the same RNA site. With their catalytic activity and increased site 
specificity, ribozymes represent more potent and safe therapeutic 
molecules than antisense oligonucleotides. 

20 Thus, in a first aspect, this invention relates to ribozymes, or enzymatic 

RNA molecules, directed to cleave RNA species encoding ICAM-1, IL-5, 
relA, TNF-cc, P 210bcr-abl t or RSV proteins. In particular, applicant 
describes the selection and function of ribozymes capable of cleaving 
these RNAs and their use to reduce levels of ICAM-1, IL-5, relA, TNF-cc, 

25 p210 bor-abl or RSV proteins in various tissues to treat the diseases 
discussed herein. Such ribozymes are also useful for diagnostic uses. 

Applicant indicates that these ribozymes are able to inhibit expression 
of ICAM-1, IL-5, rel A, TNF-a, p210bcr-abl, or RSV gen es and that the 
catalytic activity of the ribozymes is required for their inhibitory effect. 
30 Those of ordinary skill in the art, will find that it is clear from the examples 
described that other ribozymes that cleave target ICAM-1, IL-5, rel A, TNF- 
cc, paiobcr-aW or rsv encoding mRNAs may be readily designed and are 
within the invention. 

These chemically or enzymatically synthesized RNA molecules 
35 contain substrate binding domains that bind to accessible regions of their 
target mRNAs. The RNA molecules also contain domains that catalyze the 



WO 95/23225 



PCT7IB9S/00156 



3 

cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
10 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
intermolecularly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent" RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
20 including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke, Hoogsteen type) of base- 
25 paired interactions. 

In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is fomied in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et a/., 1992 
Aids Research and Human Retrovirus** , 8,183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry. 28, 4929, EP 0360257 and Hampel 
et al., 1990, Nuclei? Acids Res. 18.299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been, 1992 Biochemistry , 31 

35 16 of the RNaseP motif by Guerrier-Takada et al., 1983 QeU, 35 849, 
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expressed in eukaryotic cells from the appropriate DNA or RNA vector. The 
activity of such ribozymes can be augmented by their release from the 
primary transcript by a second ribozyme (Draper et al. f PCT W093/23569, 
and Sullivan et a!., PCT WO94/02595, both hereby incorporated in their 
5 totality by reference herein; Ohkawa, J., et al., 1992, Nucleic Acids Svmp. 

15-6; Taira, K. et a!. t Nucleic Acids Res.. 19, 5125-30; Ventura, M., 
et al., 1993, Nucleic Acids fles., 21, 3249-55, Chowrira et al., 1994 J. Biol. 
Chem.. 269, 25856 ). 

By "inhibit" is meant that the activity or level of ICAM-1,Rel A, IL-5, 
10 TNF-a, P 210 bcr - abl or RSV encoding mRNA is reduced below that 
observed in thd absense of the ribozyme,. and preferably is below that level 
observed in the presence of an inactive RNA molecule able to bind to the 
same site on the mRNA, but unable.to cleave that RNA. 

Such ribozymes are useful for the prevention of the diseases and 
1 5 conditions discussed above, and any other diseases or conditions that are 
related to the level of ICAM-1, IL-5, Rel A, TNF-a, p210 bcr - ab ' or RSV 
protein or activity in a cell or tissue. By "related" is meant that the inhibition 
of ICAM-1, IL-5, Rel A, TNF-a, p210 bcr " ab l or RSV mRNA translation, and 
thus reduction in the level of, ICAM-1, IL-5, Rel A, TNF-a, p210 bcr - abl or 
20 RSV proteins will relieve to some extent the symptoms of the disease or 
condition. 

Ribozymes are added directly, or can be complexed with cationic 
lipids, packaged within liposomes, or otherwise delivered to target cells. 
The RNA or RNA complexes can be locally administered to relevant tissues 
25 through the use of a catheter, infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes 
have binding arms which are complementary to the sequences in Tables 
2,3,6-9, 11, 13, 15-23, 27, 28, 31, 33, 34, 36 and 37. 

Examples of such ribozymes are shown in Tables 4-8, 10, 12, 14-16, 
30 19-22, 24, 26-28, 30, 32, 34 and 36-38. Examples of such ribozymes 
consist essentially of sequences defined in these Tables. By "consists 
essentially of is meant that the active ribozyme contains an enzymatic 
center equivalent to those in the examples, and binding arms able to bind 
mRNA such that cleavage at the target site occurs. Other sequences may 
35 be present which do not interfere with such cleavage. 
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Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic 
portion of the ribozyme (all but the binding arms) is altered to affect activity. 
For example, stem-loop II sequence of hammerhead ribozymes listed in 
5 the above identified Tables can be altered (substitution \ deletion, and/or 
insertion) to contain any sequences provided a minimum of two base- 
paired stem structure can form. Similarly, stem-loop IV sequence of hairpin 
ribozymes listed in the above identified Tables can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
10 two base-paired stem structure can form. The sequence listed in the 
above identified Tables may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

In another aspect of the invention, ribozymes that cleave target 

15 molecules and inhibit ICAM-1, IL-5, Rel A, TNF-a, p210 bc ^abl or rsv 
gene expression are expressed from transcription units inserted into DNA, 
RNA, or viral vectors. Another means of accumulating high concentrations 
of a ribozyme(s) within cells is to incorporate the ribozyme-encoding 
sequences into a DNA or RNA expression vector. Transcription of the 

20 ribozyme sequences are driven from a promoter for eukaryotic RNA 
polymerase I (pol I), RNA polymerase II (pol II), or RNA polymerase III (pol 
III). Transcripts from pol II or pol III promoters will be expressed at high 
levels in all cells; the levels of a given pol II promoter in a given cell type 
will depend on the nature of the gene regulatory sequences (enhancers, 

25 silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are 
also used, providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells (Elroy-Stein and Moss, 1990 Proc. Natl. 
Acad. Set. USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res., 21 
2867-72; Lieber et al., 1993 Methods Enzymol., 217, 47-66; Zhou et al., 

30 1990 MoL Cell. BioL, 10, 4529-37). Several investigators have 
demonstrated that ribozymes expressed from such promoters can function 
in mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense Res. Dev., 
2, 3-15; Ojwang et al., 1992 Proc. Natl. Acad. ScL USA, 90, 6340-4; 
L'Huiller et al., 1992 EMBO J. 11, 441 1-8; Lisziewicz et al. f 1993 Proc. Natl. 

35 Acad. Sci. U.S.A., 90 8000-4). The above ribozyme transcription units can 
be incorporated into a variety of vectors for introduction into mammalian 
cells, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
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(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral or alphavirus vectors). 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodiments thereof, and from 
5 the claims. 

Description Of The Preferred Embodiments 
The drawings will first briefly be described. 
Drawings: 

Figure 1 is a diagrammatic representation of the hammerhead 
1 0 ribozyme domain known in the art. Stem li can be £ 2 base-pair long. 

Figure 2(a) is a diagrammatic representation of the hammerhead 
ribozyme domain known in the art; Figure 2(b) is a diagrammatic 
representation of the hammerhead ribozyme as divided by Uhlenbeck 
(1987, Nature, 327, 596-600) into a substrate and enzyme portion; Figure 
1 5 2(c) is a similar diagram showing the hammerhead divided by Haseloff and 
Geriach (1988, Nature, 334, 585-591) into two portions; and Figure 2(d) is 
a similar diagram showing the hammerhead divided by Jeffries and 
Symons (1989, Nucl. Acids. Res., 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a 
20 hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (i.e., n 
is 1,2,3 or 4) and helix 5 can be optionally provided of length 2 or more 
bases (preferably 3-20 bases, i.e., m is from 1-20 or more). Helix 2 and 
helix 5 may be covalently linked by one or more bases {i.e., r is £ 1 base). 
Helix 1, 4 or 5 may also be extended by 2 or more base pairs {e.g., 4-20 
25 base pairs) to stabilize the ribozyme structure, and preferably is a protein 
binding site. In each instance, each N and N' independently is any normal 
or modified base and each dash represents a potential base-pairing 
interaction. These nucleotides may be modified at the sugar, base or 
phosphate. Complete base-pairing is not required in the helices, but is 
30 preferred. Helix 1 and 4 can be of any size {i.e., o and p is each 
independently from 0 to any number, e.g. 20) as long as some base-pairing 
is maintained. Essential bases are shown as specific bases in the 
structure, but those in the art will recognize that one or more may be 
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modified chemically (abasic, base, sugar and/or phosphate modifications) 
or replaced with another base without significant effect. Helix 4 can be 
formed from two separate molecules, i.e., without a connecting loop. The 
connecting loop when present may be a ribonucleotide with or without 
5 modifications to its base, sugar or phosphate, "q" is > 2 bases. The 
connecting loop can also be replaced with a non-nucleotide linker 
molecule. H refers to bases A, U, or C. Y refers to pyrimidine bases. 
" " refers to a covalent bond. 

Figure 4 is a representation of the general structure of the hepatitis 
1 0 delta vims ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self- 
cleaving VS RNA ribozyme domain. 

Figure 6 is a diagrammatic representation of the genetic map of RSV 
strain A2. 

15 Figure 7 is a diagrammatic representation of the solid-phase 

synthesis of RNA. 

Figure 8 is a diagrammatic representation of exocyclic amino 
protecting groups for nucleic acid synthesis. 

Figure 9 is a diagrammatic representation of the deprotection of RNA. 

20 Figure 10 is a graphical representation of the cleavage of an RNA 

substrate by ribozymes synthesized, deprotected and purified using the 
improved methods described herein. 

Figure 11 is a schematic representation of a two pot deprotection 
protocol. Base deprotection is carried out with aqueous methyl amine at 65 
25 °C for 10 min. The sample is dried in a speed-vac for 2-24 hours 
depending on the scale of RNA synthesis. Silyl protecting group at the 2'- 
hydroxyl position is removed by treating the sample with 1.4 M anhydrous 
HF at 65°C for 1.5 hours. 

Figure 12 is a schematic representation of a one pot deprotection of 
30 RNA synthesized using RNA phosphoramidite chemistry. Anhydrous 
methyl amine is used to deprotect bases at 65°C for 15 min. The sample is 
allowed to cool for 10 min before adding TEA-3HF reagent, to the same 
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pot, to remove protecting groups at the 2 , -hydroxyI position. The 
cleprotection is carried out for 1 .5 hours. 

Figs. 13a - b is a HPLC profile of a 36 nt long ribozyme, targeted to 
site B. The RNA is deprotected using either the two pot or the one pot 
5 deprotection protocol. The peaks corresponding to full-length RNA is 
indicated. The sequence for site B is CCUGGGCCAGGGAUUA 
AUGGAGAUGCCCACU. 

Figure 14 is a graph comparing RNA cleavage activity of ribozymes 
deprotected by two pot vs one pot deprotection protocols. 

10 Figure 15 is a schematic representation of an improved method of 

synthesizing RNA containing phosphorothioate linkages. 

Figure 16 shows RNA cleavage reaction catalyzed by ribozymes 
containing phosphorothioate linkages. Hammerhead ribozyme targeted to 
site C is synthesized such that 4 nts at the 5' end contain phosphorothioate 
15 linkages. P=0 refers to ribozyme without phosphorothioate linkages. P=S 
refers to ribozyme with phosphorothioate linkages. The sequence for site C 
is UCAUUUUGGCCAUCUC UUCCUUCAGGCGUGG. 

Figure 17 is a schematic representation of synthesis of 2-N- 
phtalimido-nucleoside phosphoramidite. 

20 Figure 18 is a diagrammatic representation of a prior art method for 

the solid-phase synthesis of RNA using silyl ethers, and the method of this 
invention using SEM as a 2'-protecting group. 

Figure 19 is a diagrammatic representation of the synthesis of 2'- 
SEM-protected nucleosides and phosphoramidites useful for the synthesis 
25 of RNA. B is any nucleotide base as exemplified in the Figure, P is purine 
and I is inosine. Standard abbreviations are used throughout this 
application, well known to those in the art. 

Figure 20 is a diagrammatic representation of a prior art method for 
deprotection of RNA using TBDMS protection of the 2'-hydroxyl group. 

30 Figure 21 is a diagrammatic representation of the deprotection of RNA 

having SEM protection of the 2'-hydroxyl group. 
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Figure 22 is a representation of an HPLC chromatogram of a fully 
deprotected 10-mer of uridylic acid. 

Figs. 23 - 25 are diagrammatic representations of hammerhead, 
hairpin or hepatitis delta virus ribozyme containing self-processing RNA 
5 transcript. Solid arrows indicate self-processing sites. Boxes indicate the 
sites of nucleotide substitution. Solid lines are drawn to show the binding 
sites of primers used in a primer-extension assay. Lower case letters 
indicate vector sequence present in the RNA when transcribed from a 
H/ndlll-linearized plasmid. (23) HH Cassette, transcript containing the 

10 hammerhead trans-acting ribozyme linked to a 3' cis-acting hammerhead 
ribozyme. The structure of the hammerhead ribozyme is based on 
phylogenetic and mutational analysis (reviewed by Symons, 1992 supra ). 
The trans ribozyme domain extends from nucleotide 1 through 49. After 3'- 
end processing, the trans-ribozyme contains 2 non-ribozyme nucleotides 

15 (UC at positions 50 and 51) at its 3' end. The 3" processing ribozyme is 
comprised of nucleotides 44 through 96. Roman numerals I, II and III, 
indicate the three helices that contribute to the structure of the 3' cis-acting 
hammerhead ribozyme (Hertel et al., 1992 Nucleic Acids Ftes 20, 3252). 
Substitution of G70 and A71 to U and G respectively, inactivates the 

20 hammerhead ribozyme (Ruffner et al., 1990 Biochemistry 29, 10695) and 
generates the HH(mutant) construct. (24) HP Cassette, transcript 
containing the hammerhead trans-acting ribozyme linked to a 3' cis-acting 
hairpin ribozyme. The structure of the hairpin ribozyme is based on 
phylogenetic and mutational analysis (Berzal-Herranz et al., 1993 EMBO. J 

25 12, 2567). The trans-ribozyme domain extends from nucleotide 1 through 
49. After 3'-end processing, the trans-ribozyme contains 5 non-ribozyme 
nucleotides (UGGCA at positions 50 to 54) at its 3' end. The 3' cis-acting 
ribozyme is comprised of nucleotides 50 through 115. The transcript 
named HP(GU) was constructed with a potential wobble base pair 

30 between G52 and U77; HP(GC) has a Watson-Crick base pair between 
G52 and C77. A shortened helix 1 (5 base pairs) and a stable tetraloop 
(GAAA) at the end of helix 1 was used to connect the substrate with the 
catalytic domain of the hairpin ribozyme (Feldstein & Bruening, 1993 
Nucleic APids Res. 21, 1991; Altschuler et al, 1992 supra) . (25) HDV 
35 Cassette, transcript containing the trans-acting hammerhead ribozyme 
linked to a 3' cis-acting hepatitis delta virus (HDV) ribozyme. The 
secondary structure of the HDV ribozyme is as proposed by Been and 
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coworkers (Been et al., 1992 Biochemistry 31 , 1 1843). The trans-ribozyme 
domain extends from nucleotides 1 through 48. After 3'-end processing, 
the trans-ribozyme contains 2 non-ribozyme nucleotides (AA at positions 
49 to 50) at its 3' end. The 3' cis-acting HDV ribozyme is comprised of 
5 nucleotides 50 through 114. Roman numerals I, II, III & IV, indicate the 
location of four helices within the 3* cis-acting HDV ribozyme (Perrota & 
Been, 1991 Nature 350, 434). The AHDV transcript contains a 31 
nucleotide deletion in the HDV portion of the transcript (nucleotides 84 
through 115 deleted). 

10 Fig. 26 is a schematic representation of a plasmid containing the 

insert encoding self-processing cassette. The figure is not drawn to scale. 

Fig. 27 demonstrates the effect of 3' flanking sequences on RNA self- 
processing in vitro. H, Plasmid templates linearized with H/ndlll restriction 
enzyme. Transcripts from H templates contain four non-ribozyme 
15 nucleotides at the 3' end. N, Plasmid templates linearized with A/del 
restriction enzyme. Transcripts from N templates contain 220 non r 
ribozyme nucleotides at the 3' end. R, Plasmid templates linearized with 
Rca\ restriction enzyme. Transcripts from R templates contain 450 non- 
ribozyme nucleotides at the 3" end. 

20 Fig. 28 shows the effect of 3' flanking sequences on the trans- 

cleavage reaction catalyzed by a hammerhead ribozyme. A 622 nt 
internally-labeled RNA (<10 nM) was incubated with ribozyme (1000 nM) 
under single turn-over conditions (Herschlag and Cech, 1 990 Biochemistry 
29, 10159). HH+2, HH+37, and HH+52 are trans-acting ribozymes 

25 produced by transcription from the HH, AHDV, and HH(mutant) constructs, 
respectively, and that contain 2, 37 and 52 extra nucleotides on the 3' end. 
The plot of the fraction of uncleaved substrate versus time was fit to a 
double exponential curve using the KaleidaGraph graphing program 
(Synergy Software, Reading, PA). A double exponential curve fit was used 
. 30 because the data points did not fall on a single exponential curve, 
presumably due to varying conformers of ribozyme and/or substrate RNA. 

Fig. 29 shows RNA self-processing in OST7-1 cells. In vitro lanes 
contain full-length, unprocessed transcripts that were added to cellular 
lysates prior to RNA extraction. These RNAs were either pre-incubated 
35 with MgCI 2 (+) or with DEPC-treated water (-) prior to being hybridized 
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with 5' end-labeled primers. Cellular lanes contain total cellular RNA from 
cells transfected with one of the four self-processing constructs. Cellular 
RNA are probed for ribozyme expression using a sequence specific primer- 
extension assay. Solid arrows indicate the location of primer extension 
5 bands corresponding to Full-Length RNA and 3' Cleavage Products. 

Figs. 30,31 are diagrammatic representations of self-processing 
cassettes that will release trans-acting ribozymes with defined, stable stem- 
loop structures at the 5* and the 3* end following self-processing. 30, 
shows various permutations of a hammerhead self-processing cassette. 31, 
10 shows various permutations of a hairpin self-processing cassette. 

Figs. 32a-b Schematic representation of RNA polymerse III promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A, B and C, refer to consensus A, B and C box promoter 
sequences. I, refers to intermediate cis-acting promoter sequence. PSE, 
15 refers to proximal sequence element. DSE, refers to distal sequence 
element. ATF, refers to activating transcription factor binding element. ?, 
refers to cis-acting sequence element that has not been fully characterized. 
EBER, Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the 
art. 

20 Figs. 33a-e Sequence of the primary tRNAj met and A3-5 transcripts. 

The A and B box are internal promoter regions necessary for pol III 
transcription. Arrows indicate the sites of endogenous tRNA processing. 
The A3-5 transcript is a truncated version of tRNA wherein the sequence 3' 
of B box has been deleted (Adeniyi-Jones et al., 1984 supra). This 

25 modification renders the A 3-5 RNA resistant to endogenous tRNA 
processing. 

Figure 34. Schematic representation of RNA structural motifs inserted 
into the A3-5 RNA. A3-5/HHI- a hammerhead (HHI) ribozyme was cloned 
at the 3' region of A3-5 RNA; S3- a stable stem-loop structure was 

30 incorporated at the 3' end of the A3-5/HHI chimera; S5- stable stem-loop 
structures were incorporated at the 5 f and the 3* ends of A3-5/HHI ribozyme 
chimera; S35- sequence at the 3* end of the A3-5/HHI ribozyme chimera 
was altered to enable duplex formation between the 5' end and a 
complementary 3' region of the same RNA; S35Plus- in addition to 

35 structural alterations of S35, sequences were altered to facilitate additional 
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duplex formation within the non-ribozyme sequence of the A3-5/HHI 
chimera. 

Figures 35 and 36. Northern analysis to quantitate ribozyme 
expression in T cell lines transduced with A3-5 vectors. 35) A3-5/HHI and 
5 its variants were cloned individually into the DC retroviral vector (Sullenger 
et al., 1990 supra). Northern analysis of ribozyme chimeras expressed in 
MT-2 cells was performed. Total RNA was isolated from cells 
(Chomczynski.& Sacchi, 1987 Analytical Biochemistry 162, 156-159), and 
transduced with various constructs described in Fig. 34. Northern analysis 

10 was carried out using standard protocols (Curr. Protocols Mol. Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY). Nomenclature is same as in Figure 
34. This assay measures the level of expression from the type 2 pol III 
promoter. 36) Expression of S35 constructs in MT2 cells. S35 (+ribozyme), 
S35 construct containing HHI ribozyme. S35 (-ribozyme), S35 construct 

15 containing no ribozyme. 

Figure 37. Ribozyme activity in total RNA extracted from transduced 
MT-2 cells. Total RNA was isolated from cells transduced with A3-5 
constructs described in Figs. 35 and 36 In a standard ribozyme cleavage 
reaction, 5 ng total RNA and trace amounts of 5' terminus-labeled ribozyme 

20 target RNA were denatured separately by heating to 90°C for 2 min in the 
presence of 50 mM Tris-HCI. pH 7.5 and 10 mM MgCI 2 . RNAs were 
renatured by cooling the reaction mixture to 37°C for 10-15 min. Cleavage 
reaction was initiated by mixing the labeled substrate RNA and total 
cellular RNA at 37°C. The reaction was allowed to proceed for ~ 18h, 

25 following which the samples were resolved on a 20 % urea-polyacrylamide 
gel. Bands were visualized by autoradiography. 

Figures 38 and 39. Ribozyme expression and activity levels in S35- 
transduced clonal CEM cell lines. 38) Northern analysis of S35- 
transduced clonal CEM cell lines. Standard curve was generated by 

30 spiking known concentrations of in vitro transcribed S5 RNA into total 
cellular RNA isolated from non-transduced CEM cells. Pool, contains RNA 
from pooled cells transduced with S35 construct. Pool (-G418 for 3 Mo), 
contains RNA from pooled cells that were initially selected for resistance to 
G418 and then grown in the absence of G418 for 3 months. Lanes A 

35 through N contain RNA from individual clones that were generated from the 
pooled cells transduced with S35 construct. tRNAj r "et > refers t0 the 
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endogenous tRNA. S35, refers to the position of the ribozyme band. M, 
marker lane. 39) Activity levels in S35-transduced clonal CEM cell lines. 
RNA isolation and cleavage reactions were as described in Fig.37. 
Nomenclature is same as in Figs. 35 and 36 except, S, 5' terminus-labeled 
5 substrate RNA. P, 8 nt 5 1 terminus-labeled ribozyme-mediated RNA 
cleavage product. 

Figures 40 and 41 are proposed secondary structures of S35 and 
S35 containing a desired RNA (HHI), respectively. The position of HHI 
ribozyme is indicated in figure 41. Intramolecular stem refers to the stem 
10 structure formed due to an intramolecular base-paired interaction between 
the 3' sequence and the complementary 5' terminus. The length of the 
stem ranges from 15-16 base-pairs. Location of the A and the B boxes are 
shown. 

Figures 42 and 43 are proposed secondary structures of S35 plus 
15 and S35 plus containing HHI ribozyme. 

Figures 44, 45, 46 and 47 are the nucleotide base sequences of S35, 
HHIS35, S35 Plus, and HHIS35 Plus respectively. 

Figs. 48a-b is a general formula for pol III RNA of this invention. 

Figure 49 is a digrammatic representation of 5T construct. In this 
20 construct the desired RNA is located 3' of the intramolecular stem. 

Figures 50 and 51 contain proposed secondary structures of 5T 
construct alone and 5T contruct containing a desired RNA (HHI ribozyme) 
. respectively. 

Figure 52 is a diagrammatic representation of TRZ-tRNA chimeras. 
25 The site of desired RNA insertion is indicated. 

Figure 53 shows the general structure of HHITRZ-A ribozyme chimera. 
A hammerhead ribozyme targeted to site I is inserted into the stem II region 
of TRZ-tRNA chimera. 

Figure 54 shows the general structure of HPITRZ-A ribozyme chimera. 
30 A hairpin ribozyme targeted to site I is cloned into the indicated region of 
TRZ-tRNA chimera. 
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Figure 55 shows a comparison of RNA cleavage activity of HHITRZ-A, 
HHITRZ-B and a chemically synthesized HHI hammerhead ribozymes. 

Figure 56 shows expression of ribozymes in T cell lines that are stably 
transduced with viral vectors. M, markers; lane 1, non-transduced CEM 
5 cells; lanes 2 and 3, MT2 and CEM cells transduced with retroviral vectors; 
lanes 4 and 5 f MT2 and CEM cells transduced with AAV vectors. 

Figs. 57a-b Schematic diagram of adeno-associated virus and 
adenovirues vectors for ribozyme delivery. Both vectors utilize one or more 
ribozyme encoding transcription units (RZ) based on RNA polymerase II or 

10 RNA polymerase III promoters. A. Diagram of an AAV-based vector 
containing minimal AAV sequences comprising the inverted terminal 
repeats (ITR) at each end of the vector genome, an optional selectable 
marker (Neo) driven by an exogenous promoter (Pro), a ribozyme 
transcription unit, and sufficient additional sequences (stuffer) to maintain a 

15 vector length suitable for efficient packaging. B. Diagram of ribozyme 
expressing adenovirus vectors containing deletions of one or more wild 
type adenoviorus coding regions (cross-hatched boxes marked as E1 , pIX, 
E3, and E4), and insertion of the ribozyme transcription unit at any or 
several of those regions of deletions. 

20 Fig. 58 is a graph showing the effect of arm length variation on the 

activity of ligated hammerhead (HH) ribozymes. Nomenclature 5/5, 6/6, 
7/7, 8/8 and so on refers to the number of base-pairs being formed between 
the ribozyme and the target. For example, 5/8 means that the HH ribozyme 
forms 5 bp on the 5' side and 8 bp on the 3* side of the cleavage site for a 

25 total of 13 bp. -AG refers to the free energy of binding calculated for base- 
paired interactions between the ribozyme and the substrate RNA (Turner 
and Sugimoto, 1988 Ann. Rev. Bi ophvs. Chenv 17. 167). RPI A is a HH 
ribozyme with 6/6 binding arms. 

Figs. 59 and 60 and 61 show cleavage of long substrate (622 nt) by 
30 ligated HH ribozymes. 

Fig. 62 is a diagrammatic representation of a hammerhead ribozyme 
(HH-H) targeted against a site termed H. Variants of HH-H are also shown 
that contain either a 2 base-paired stem II (HH-H1 and HH-H2) or a 3 base- 
paired stem II (HH-H3 and HH-H4). 
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Figs. 63 and 64 show RNA cleavage activity of HH-I and its variants 
(see Fig.62). 63) cleavage of matched substrate RNA (15 nt). 64) cleavage 
of long substrate RNA (613 nt). 

Figs. 65a-b is a schematic representation of a method of this invention 
5 to synthesize a full length hairpin ribozyme. No splint strand is required for 
ligation but rather the two fragments hybridize together at helix 4 prior to 
ligation. The only prerequisite is that the 3 1 fragment is phosphorylated at 
its 5* end and that the 3' end of the 5' fragment have a hydroxyl group. The 
hairpin ribozyme is targeted against site J. H1 and H2 are intermolecular 
10 helices formed between the ribozyme and the substrate. H3 and H4 are 
intramolecular helices formed within the hairpin ribozyme motif. Arrow 
indicates the cleavage site. 

Fig. 66 shows RNA cleavage activity of ligated hairpin ribozymes 
targeted against site J. 

15 Figs. 67a-b is a diagrammatic representation of a Site K Hairpin 

Ribozyme (HP-K) showing the proposed secondary structure of the hairpin 
ribozyme ^substrate complex as described in the art (Berzal-Herranz et a/., 
1993 EMBO. J.12, 2567). The ribozyme has been assembled from two 
fragments (bimolecular ribozyme; Chowrira and Burke, 1992 Nucleic Acids 

20 Res. 20, 2835); #H1 and H2 represent intermolecular helix formation 
between the ribozyme and the substrate. H3 and H4 represent 
intramolecular helix formation within the ribozyme (intermolecular helix in 
the case of bimolecular ribozyme). Left panel (HP-K1) indicates 4 base- 
paired helix 2 and the right panel (HP-K2) indicates 6 base-paired helix 2. 

25 Arrow indicates the site of RNA cleavage. All the ribozymes discussed 
herein were chemically synthesized by solid phase synthesis using RNA 
phosphoramadite chemistry, unless otherwise indicated. Those skilled in 
the art will . recognize that these ribozymes could also be made 
transcriptionally in vitro and in vivo. 

30 Figure 68 is a graph showing RNA cleavage by hairpin ribozymes 

targeted to site K. A plot of fraction of the target RNA uncleaved (fraction 
uncleaved) as a function of time is shown. HP-K2 (6 bp helix 2) cleaves a 
422 target RNA to a greater extent than the HP-K1 (4 bp helix 2). 
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To make internally-labeled substrate RNA for trans-ribozyme 
cleavage reactions, a 422 nt region (containing hairpin site A) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
5 standard transcription buffer in the presence of [ot- 32 P]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanoL The dried pellet was resuspended in 20 |xt 
1 0 DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1fiM) and internally labeled 422 nt substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM TrisHCI pH 7.5 and 10 mM MgCl2) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 p.l were taken at regular time intervals, 
quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager (Molecular Dynamics, Sunnyvale, 
CA). 

Figs. 69a-b is the Site L Hairpin Ribozyme (HP-L) showing proposed 
secondary structure of the hairpin ribozyme^substrate complex. The 
ribozyme was assembled from two fragments as described above. The 
25 nomenclature is the same as above. 

Figure 70 shows RNA cleavage by hairpin ribozymes targeted to site 
L. A. plot of fraction of the target RNA uncleaved (fraction uncleaved) as a 
function of time is shown. HP-L2 (6 bp helix 2) cleaves a 2 KB target RNA 
to a greater extent than the HP-L1 (4 bp helix 2). To make internally- 
30 labeled substrate RNA for frans-ribozyme cleavage reactions, a 2 kB region 
(containing hairpin site L) was synthesized by PCR using primers that place 
the T7 RNA promoter upstream of the amplified sequence. The cleavage 
reactions were carried out as described above. 



15 
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Figs. 71a-b shows a Site M Hairpin Ribozyme (HP-M) with the 
proposed secondary structure of the hairpin ribozyme^substrate complex. 
The ribozyme was assembled from two fragments as described above. 

Figure 72 is a graph showing RNA cleavage by hairpin ribozymes 
5 targeted to site M. The ribozymes were tested at both 20°C and at 26°C. 
To make internally-labeled substrate RNA for trans-ribozyme cleavage 
reactions, a 1 .9 KB region (containing hairpin site M) was synthesized by 
PCR using primers that place the T7 RNA promoter upstream of the 
amplified sequence. Cleavage reactions were carried out as described 
10 above except that 20°C and at 26°C temperatures were used. 

Figs. 73a-d shows various structural modifications of the present 
invention. A) Hairpin ribozyme lacking helix 5. Nomenclature is same as 
described under figure 3. B) Hairpin ribozyme lacking helix 4 and helix 5. 
Helix 4 is replaced by a nucleotide loop wherein q is > 2 bases. 

15 Nomenclature is same as described under figure 3. C) Hairpin ribozyme 
lacking helix 5. Helix 4 loop is replaced by a linker 103 B L°, wherein L is a 
non-nucleotide linker molecule (Benseler et a/., 1993 J. Am. Chem. Soc. 
115, 8483; Jennings et a/., WO 94/13688). Nomenclature is same as 
described under figure 3. D) Hairpin ribozyme lacking helix 4 and helix 5. 

20 Helix 4 is replaced by non-nucleotide linker molecule "L" (Benseler et a/., 
1993 supra; Jennings et a/., supra). Nomenclature is same as described 
under figure 3. 

Figs. 74a-b shows Hairpin ribozymes containing nucleotide spacer 
region p s" at the indicated location, wherein s is > 1 base. Hairpin 
25 ribozymes containing spacer region, can be synthesized as one fragment 
or can be assembled from multiple fragments. Nomenclature is same as 
described under figure 3. 

Figs. 75a-e shows the structures of the S'-C-alkyl-modified 
nucleotides. Ri is as defined above. R is OH, H, O-protecting group, NH, or 
30 any group described by the publications discussed above, and those 
described below. B is as defined in the Figure or any other equivalent 
nucleotide base. CE is cyanoethyl, DMT is a standard blocking group. 
Other abbreviations are standard in the art. 
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Figure 76 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-D-allose nucleosides and their phosphoramidites. 

Figure 77 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-L-talose nucleosides and their phosphoramidites. 

5 Figure 78 is a diagrammatic representation of hammerhead 

ribozymes targeted to site O containing 5'-C-methyl-L-talo modifications at 
various positions. 

Figure 79 shows RNA cleavage activity of HH-0 ribozymes. Fraction 
of target RNA uncleaved as a function of time is shown^ 

10 Figure 80 is a diagrammatic representation of a position numbered 

hammerhead ribozyme (according to Hertel et ai Nucleic Acids Res. 1 992, 
20, 3252) showing specific substitutions. 

Figs. 81a-j shows the structures of various 2-alkyl modified 
nucleotides which exemplify those of this invention. R groups are alkyl 
15 groups, Z is a protecting group. 

Figure 82 is a diagrammatic representation of the synthesis of 2'-C- 
allyl uridine and cytidine. 

Figure 83 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene uridine. 

20 Figure 84 is a diagrammatic representation of the synthesis of 2 f -C- 

methylene and 2'-Odifluoromethylene cytidine. 

Figure 85 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2 , -C-difluoromethylene adenosine. 

Figure 86 is a diagrammatic representation of the synthesis of 2'-C- 
25 carboxymethylidine uridine, 2 , -C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alkyl as discussed above, or 
another substituent. 

Figure 87 is a diagrammatic representation of a synthesis of 
nucleoside S'-deoxy-S-difluoromethylphosphonates. 
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Figure 88 is a diagrammatic representation of the synthesis of 

nucleoside S'-deoxy-S'-difluoromethylphosphonate 3'-phosphoramidites, 
dimers and solid supported dimers. 

Figure 89 is a diagrammatic representation of the synthesis of 
5 nucleoside 5'-deoxy-5-difluoromethylene triphosphates. 

Figures 90 and 91 are diagrammatic representations of the synthesis 
of S'-deoxy-S'-difluoromethylphosphonates and dimers. 

Figure 92 is a schematic representation % of synthesizing RNA 
phosphoramidite of a nucleotide containing a 2-hydroxyl group 
1 0 modification of the present invention. 

Figs. 93a-b describes a method for deprotection of oligonucleotides 
containing a 2-hydroxyl group modification of the present invention. 

Figure 94 is a diagrammatic representation of a hammerhead 
ribozyme targeted to site N. Positions of 2-hydroxyl group substitution is 
15 indicated. 

Figure 95 shows RNA cleavage activity of ribozymes containing a 2'- 
hydroxyl group modification of the present invention. All RNA, represents 
hammerhead ribozyme (HHN) with no 2*-hydroxyl group modifications. U7- 
ala, represents HHN ribozyme containing 2-NH-alanine modification at the 
20 U7 position. U4/U7-aIa, represents HHA containing 2'-NH-alanine 
modifications at U4 and U7 positions. U4 lys, represents HHA containing 
2-NH-Iysine modification at U4 position. U7 lys, represents HHA containing 
2-NH-lysine modification at U7 position. U4/U7-Iys, represents HHN 
containing 2-NH-lysine modification at U4 and U7 positions. 

25 Figures 96 and 97 are schematic representations of synthesizing 

(solid-phase synthesis) 3' ends of RNA with modification of the present 
invention. B, refers to either a base, modified base or an H. 

Figure 98 and 99 are schematic representations of synthesizing 
(solid-phase synthesis) 5* ends of RNA with modification of the present 
30 invention. B, refers to either a base, modified base or an H. 

Figures 100 and 101 are general schematic representations of the 
invention. 
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Fig. 102a-d is a schematic representation of a method of the invention. 

Fig. 103 is a graph of the results of the experiment diagrammed in 
figure 104. 

Figure 104 is a diagrammatic representation of a fusion mRNA used 
5 in the experiment diagrammed in Fig. 102. 

Figure 105 is a diagrammatic representation of a method for selection 
of useful ribozymes of this invention. 

Figure 106 generally shows R-loop formation, and an R-loop 
complex. In addition, it indicates the location at which ligands can be 
10 provided to target the R-loop complex to cells using at least three different 
procedures, such as ligand receptor interaction, lipid or calcium phosphate 
mediated delivery, or electroporation. 

Figure 107 shows a method for use of self-processing ribozymes to 
generate therapeutic ribozymes of unit length. This method is essentially 
1 5 described by Draper et al., PCT WO 93/23509. 

Figure 108 shows a method of linking ligands like folate, 
carbohydrate or peptides to R-loop forming RNA. 

Ribozymes of this invention block to some extent ICAM-1, IL-5, rel A, 
TNF-oc, p210 bcr " abl , or RSV genes expression and can be used to treat 
20 diseases or diagnose such diseases. Ribozymes will be delivered to cells 
in culture and to tissues in animal models. Ribozyme cleavage of ICAM-1 , 
II-5, rel A, TNF-ct ,p210 bcrvabl , or RSV mRNA in these systems may prevent 
or alleviate disease symptoms or conditions. 

I. Target sites 

25 Targets for useful ribozymes can be determined as disclosed in 

Draper et al PCT WO93/23509, Sullivan et a/., PCT WO94/02595 as well 
as by Draper et al., PCT/US94/13129 and hereby incorporated by 
reference herein in totality. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 

30 methods, not limiting to those in the art. Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested 
in vitro and in vivo, as also described. Such ribozymes can also be 
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optimized and delivered as described therein. While specific examples to 
animal and human RNA are provided, those in the art will recognize that 
the equivalent human RNA targets described can be used as described 
below. Thus, the same target may be used, but binding arms suitable for 
5 targeting human RNA sequences are present in the ribozyme. Such 
targets may also be selected as described below. 

It must be established that the sites predicted by the computer-based 
RNA folding algorithm correspond to potential cleavage sites. 
Hammerhead or hairpin ribozymes are designed that could bind and are 

10 individually analyzed by computer folding (Jaeger et al., 1989 Proc. Natl. 
Acad. Sci., USA, 86 7706-7710) to assess whether the ribozyme 
sequences fold into the appropriate secondary structure. Those ribozymes 
with unfavorable intramolecular interactions between the binding arms and 
the catalytic core are eliminated from consideration. Varying binding arm 

15 lengths can be chosen to optimize activity. Generally, at least 5 bases on 
each arm are able to bind to, or otherwise interact with, the target RNA. 

mRNA is screened for accessible cleavage sites by the method 
described generally In Draper et al., PCT W093/23569 hereby 
incorporated by reference herein. Briefly, DNA oligonucleotides 

20 representing potential hammerhead or hairpin ribozyme cleavage sites are 
synthesized. A polymerase chain reaction is used to generate a substrate 
for T7 RNA polymerase transcription from cDNA clones. Labeled RNA 
transcripts are synthesized in vitro from DNA templates. The 
oligonucleotides and the labeled trascripts are annealed, RNaseH is 

25 added and the mixtures are incubated for the designated times at 37°C. 
Reactions are stopped and RNA separated on sequencing polyacrylamide 
gels. The percentage of the substrate cleaved is determined by 
autoradiographic quantitation using a phosphor imaging system. From 
these data, hammerhead or hairpin ribozynme sites are chosen as the 

30 . most accessible. 

Ribozymes of the hammerhead or hairpin motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences desribed above. The 
ribozymes are chemically synthesized. The method of synthesis used 
35 follows the procedure for normal RNA synthesis as described in Usman et 
al., 1987 J. Am. Chem. Soc, 109, 7845 and in Scaringe et al., 1990 



WO 95/23225 



PCT/IB95/00156 



23 

Nucleic Acids Res., 18, 5433 and made use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, 
phosphoramidites at the 3'-end. The average stepwise coupling yeilds are 
>98%. Inactive ribozymes are synthesized by substituting a U for G5 and a 
5 U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res., 20, 
3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

10 Uhlenbach, 1989, Methods Enzymol, 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
groups, for example, 2'-amino, 2'-C-allyl, 2'-flouro, 2'-0-methyl, 2'H (for a 
review see Usman and Cedergren, 1992 TIBS 17,34). Ribozymes are 
purified by gel electrophoresis using heneral methods or are purified by 

15 high pressure liquid chromatography and are resuspended in water. 

Example 1: ICAM-1 

Ribozymes that cleave ICAM-1 mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. ICAM-1 function can 
be blocked therapeutically using monoclonal antibodies. Ribozymes have 
20 the advantage of being generally immunologically inert, whereas 
significant neutralizing anti-IgG responses can be observed with some 
monoclonal antibody treatments. 

The following is a brief description of the physiological role of ICAM-1. 
The discussion Is not meant to be complete and is provided only for 
25 understanding of the invention that follows. This summary is not an 
admission that any of the work described below is prior art to the claimed 
invention. 

Intercellular adhesion molecule-1 (ICAM-1) is a cell surface protein 
whose expression is induced by inflammatory mediators. ICAM-1 is 
30 required for adhesion of leukocytes to endothelial cells and for several 
immunological functions including antigen presentation, immunoglobulin 
production and cytotoxic cell activity. Blocking ICAM-1 function prevents 
immune cell recognition and activity during transplant rejection and in 
animal models of rheumatoid arthritis, asthma and reperfusion injury. 
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Cell-cell adhesion plays a pivotal role in inflammatory and immune 
responses (Springer et al., 1987 Ann. Rev. Immunol. 5, 223-252). Cell 
adhesion is required for leukocytes to bind to and migrate through vascular 
endothelial cells. In addition, cell-cell adhesion is required for antigen 
5 presentation to T cells, for B cell induction by T cells, as well as for the 
cytotoxicity activity of T cells, NK cells, monocytes or granulocytes. 
Intercellular adhesion molecule-1 (ICAM-1) is a 110 kilodalton member of 
the immunoglobulin superfamily that is involved in all of these cell-cell 
interactions (Simmons et al., 1988 Nature (London) 331, 624-627). 

10 ICAM-1 is expressed on only a limited number of cells and at low 

levels in the absence of stimulation (Dustin et al., 1986 J. Immunol. 137, 
245-254). Upon treatment with a number of inflammatory mediators 
(lipopolysaccharide, y-interferon, tumor necrosis factor-a, or interieukin-1), 
a variety of cell types (endothelial, epithelial, fibroblastic and hematopoietic 

1 5 cells) in a variety of tissues express high levels of ICAM-1 on their surface 
(Sringer et. al. supra; Dustin et al., supra; and Rothleln et al., 1938 J. 
Immunol. 141, 1665-1669). Induction occurs via increased transcription of 
ICAM-1 mRNA (Simmons et al., supra). Elevated expression is detectable 
after 4 hours and peaks after 16 -24 hours of induction. 

20 ICAM-1 induction is critical for a number of inflammatory and immune 

responses. In vitro, antibodies to ICAM-1 block adhesion of leukocytes to 
cytokine-activated endothelial cells (Boyd, 1988 Proc. Natl. Acad. Sci. USA 
85, 3095-3099; Dustin and Springer, 1988 J. Cell Biol. 107; 321-331). 
Thus, ICAM-1 expression may be required for the extravasation of immune 

25 cells to sites of inflammation. Antibodies to ICAM-1 also block T cell killing, 
mixed lymphocyte reactions, and T cell-mediated B cell differentiation! 
suggesting that ICAM-1 is required for these cognate cell interactions 
(Boyd et al., supra). The importance of ICAM-1 in antigen presentation is 
underscored by the inability of ICAM-1 defective murine B cell mutants to 

30 stimulate antigen-dependent T cell proliferation (Dang et al., 1990 J. 
Immunol. 144, 4082-4091). Conversely, murine L cells require transfection 
with human ICAM-1 in addition to HLA-DR in order to present antigen to 
human T cells (Altmann et al., 1989 Nature (London) 338, 512-514). In 
summary, evidence in vitro indicates that ICAM-1 is required for cell-cell 

35 interactions critical to inflammatory responses, cellular immune responses, 
and humoral antibody responses. 
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By engineering ribozyme motifs we have designed several ribozymes 
directed against ICAM-1 mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance. These 
ribozymes cleave ICAM-1 target sequences in vitro. 

5 The sequence of human, rat and mouse ICAM-1 mRNA can be 

screened for accessible sites using a compter folding algorithm. Regions 
of the mRNA that did not form secondary folding structures and that contain 
potential hammerhead or hairpin ribozyme cleavage sites can be 
identified. These sites are shown in Tables 2, 3, and 6-9. (AH sequences 
1 0 are 5 1 to 3' in the tables) While rat, mouse and human sequences can be 
screened and ribozymes thereafter designed, the human targeted 
sequences are of most utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 4 - 8 and 10. Those in the art will recognize that 
15 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 The ribozymes will be tested for function in vivo by exogenous 

delivery to human umbilical vein endothelial cells (HUVEC). Ribozymes 
will be delivered by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA or RNA 
vectors described above. Cytokine-induced ICAM-1 expression will be 

25 monitored by ELISA. by indirect immunofluoresence, and/or by FACS 
analysis. ICAM-1 mRNA levels will be assessed by Northern, by RNAse 
protection, by primer extension or by quantitative RT-PCR analysis. 
Ribozymes that block the induction of ICAM-1 protein and mRNA by more 
than 90% will be identified. 

30 As disclosed by Sullivan et aJ., PCT WO94/02595, incorporated by 

reference herein, ribozymes and/or genes encoding them will be locally 
delivered to transplant tissue ex vivo in animal models. Expression of the 
ribozyme will be monitored by its ability to block ex vivo induction of ICAM- 
1 mRNA and protein. The effect of the anti-ICAM-1 ribozymes on graft 

J5 rejection will then be assessed. Similarly, ribozymes will be introduced 
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into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-ICAM-1 ribozyme or a gene 
5 construct that constitutively expresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 

Uses 

ICAM-1 plays a central role in immune cell recognition and function. 
Ribozyme inhibition of ICAM-1 expression can reduce transplant rejection 

10 and alleviate symptoms in patients with rheumatoid arthritis, asthma or 
other acute and chronic inflammatory disorders. We have engineered 
several ribozymes that cleave ICAM-1 mRNA. Ribozymes that efficiently 
inhibit ICAM-1 expression in cells can be readily found and their activity 
measured with regard to their ability to block transplant rejection and 

15 arthritis symptoms in animal models. These anti-ICAM-1 ribozymes 
represent a novel therapeutic for the treatment of immunological or 
inflammatory disorders. 

The therapeutic utility of reduction of activity of ICAM-1 function is 
evident in the following disease targets. The noted references indicate the 

20 role of ICAM-1 and the therapeutic potential of ribozymes described herein. 
Thus, these targets can be therapeutically treated with agents that reduce 
ICAM-1 expression or function. These diseases and the studies that 
support a critical role for ICAM-1 in their pathology are listed below. This 
list is not meant to be complete and those in the art will recognize further 

25 conditions and diseases that can be effectively treated using ribozymes of 
the present invention. 

• Transplant rejection 

ICAM-1 is expressed on venules and capillaries of human cardiac biopsies 
with histological evidence of graft rejection (Briscoe et al., 1991 Transplantation 
30 51, 537-539). 

Antibody to ICAM-1 blocks renal (Cosimi et al., 1990J. Immunol. 144, 4604- 
4612) and cardiac (Flavin et al., 1991 Transplant. Proc. 23, 533-534) graft 
rejection in primates. 
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A Phase I clinical trial of a monoclonal anti-ICAM-1 antibody showed significant 
reduction in rejection and a significant increase in graft function in human 
kidney transplant patients (Haug, et ah, WQZTmnsplantation 55, 766-72). 

• Rheumatoid arthritis 

5 ICAM-1 overexpression is seen on synovial fibroblasts, endothelial cells, 
macrophages, and some lymphocytes (Chin et al,, 1990 Arthritis Rheum 33, 
1 776-86; Koch et al., 1 991 Lab Invest 64, 31 3-20). 

Soluble ICAM-1 levels correlate with disease severity (Mason et al., 1993 
Arthritis Rheum 36, 519-27). 

10 Anti-ICAM antibody inhibits collagen-induced arthritis in mice (Kakimoto et al., 
1992 Cell Immunol 142, 326-37). 

Anti-ICAM antjbody inhibits adjuvant-induced arthritis in rats (ligo et al., 1991 J 
Immunol 147, 4167-71). 

• Myocardial ischemia, stroke, and reperfusion injury 

15 Anti-ICAM-1 antibody blocks adherence of neutrophils to anoxic endothelial 
cells (Yoshida et al., 1992 Am J Physiol 262, H1891-8). 

Anti-ICAM-1 antibody reduces neurological damage in a rabbit model of 
cerebral stroke (Bowes et al., 1993 Exp Neurol 119, 215-9). 

Anti-ICAM-1 antibody protects against reperfusion injury in a cat model of 
20 myocardial ischemia (Ma et al., 1 992 Circulation 86, 937-46). 

• Asthma 

Antibody to ICAM-1 partially blocks eosinophil adhesion to endothelial cells 
and is overexpressed on inflamed airway endothelium and epithelium in vivo 
(Wegner et al., 1 990 Science 247, 456-9). 

25 In a primate model of asthma, anti-ICAM-1 antibody blocks airway eosinophilia 
(Wegneret al., supra) and prevents the resurgence of airway inflammation and 
hyper-responsiveness after dexamethosone treatment (Gundel et al., 1992 Clin 
Exp Allergy 22, 569-75). 

• Psoriasis 
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Surface ICAM-1 and a clipped, soluble version of ICAM-1 is expressed in 
psoriatic lesions and expression correlates with inflammation (Kellner et al., 
1991 Br J Dermatol 125, 211-6; Griffiths 1989 J Am Acad Dermatol 20, 617-29; 
Schopf et al., 1993 Br J Dermatol 128, 34-7). 

5 Anti-ICAM antibody blocks keratinocyte antigen presentation to T cells 
(Nickoloff et al., 1993J Immunol 150, 2148-59 ). 

• Kawasaki disease 

Surface ICAM-1 expression correlates with the disease and is reduced by 
effective immunoglobulin treatment (Leung, et al., 1989Lancef 2, 1298-302). 

1 0 Soluble ICAM levels are elevated in Kawasaki disease patients; particularly 
high levels are observed in patients with coronary artery lesions (Furukawa et 
al., W$2Arthritis RheumZS, 672-7; Tsuji, 1992 Arerugitf, 1507-14). 

Circulating LFA-1 + T cells are depleted (presumably due to ICAM-1 mediated 
extravasation) in Kawasaki disease patients (Furukawa et al., 1993Scand J 
1 5 Immunol 37, 377-80). 

Example 2; IL-5 

Ribozymes that cleave IL-5 mRNA represent a novel therapeutic 
approach to inflammatory disorders like asthma. The invention features 
use of ribozymes to treat chronic asthma, e^, by inhibiting the synthesis 
20 of IL-5 in lymphocytes and preventing the recruitment and activation of 
eosinophils. 

A number of cytokines besides IL-5 may also be Involved in the 
activation of inflammation in asthmatic patients, including platelet activating 
factor, IL-1, IL-3, IL-4. GM-CSF, TNF-a, gamma interferon, VCAM, ILAM-1, 

25 ELAM-1 and NF-kB. In addition to these molecules, It is appreciated that 
any cellular receptors which mediate the activities of. the cytokines are also 
good targets for intervention in inflammatory diseases. These targets 
include, but are not limited to, the IL-1R and TNF-aR on keratinocytes, 
epithelial and endothelial cells in airways. Recent data suggest that certain 

30 neuropeptides may play a role in asthmatic symptoms. These peptides 
include substance P, neurokinin A and calcitonin-gene-related peptides. 
These target genes may have more general roles in inflammatory 
diseases, but are currently assumed to have a role only in asthma. 
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Ribozymes of this invention block to some extent IL-5 expression and 
can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
asthma (Clutterbuck et al., 1989 supra; Garssen et al. t 1991 Am. Rev. 
5 Respir. Pis. 144, 931-938; Larsen et al., 1992 J. Clin. Invest, 89, 747-752; 
Mauser et al., 1993 supra ). Ribozyme cleavage of IL-5mRNA in these 
systems may prevent inflammatory cell function and alleviate disease 
symptoms. 

The sequence of human and mouse IL-5 mRNA were screened for 
10 accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 11,13, and 14, 15. (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
ribozymes thereafter designed, the human targeted sequences are of most 
1 5 utility. However, mouse targeted ribozymes are useful to test efficacy of 
action of the ribozyme prior to testing in humans. The nucleotide base 
position is noted in the Tables as that site to be cleaved by the designated 
type of ribozyme. (In Table 12, lower case letters indicate positions that are 
not conserved between the Human and the Mouse IL-5 sequences.) 

20 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 12, 14 - 16. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem loop II sequence of 

25 hammerhead ribozymes listed in Tables 12 and 14 (5'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion and/or insertion) to contain any 
sequence provided, a minimum of two base-paired stem structure can form. 
Similarly, stem-loop IV sequence of hairpin ribozymes listed in Tables 15 
and 16 (S'-CACGUUGUG-S 1 ) can be altered (substitution, deletion and/or 

30 insertion) to contain any sequence provided, a minimum of two base- 
paired stem structure can form. The sequences listed in Tables 12, 14 - 16 
may be formed of ribonucleotides or other nucleotides or non-nucleotides. 
Such ribozymes are equivalent to the ribozymes described specifically in 
the Tables. 

35 By engineering ribozyme motifs we have designed several ribozymes 

directed against IL-5 mRNA sequences. These ribozymes are synthesized 
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with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave IL-5 target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing IL-5 
expression levels. Ribozymes will be delivered to cells by incorporation 
5 into liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA or RNA vectors. IL-5 expression will be monitored 
by biological assays, ELISA, by indirect immunofluoresence, and/or by 
FACS analysis. IL-5 mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
10 Ribozymes that block the induction of IL-5 activity and/or IL-5 mRNA by 
more than 90% will be identified. 

Uses 

Interleukin 5 (IL-5), a cytokine produced by CD4+ T helper cells and 
mast cells, was originally termed B cell growth factor II (reviewed by 

1 5 Takatsu et al., 1 988 Immunol. Rev. 1 02, 1 07). It stimulates proliferation of 
activated B cells and induces production of IgM and IgA. IL-5 plays a major 
role in eosinophil function by promoting differentiation (Clutterbuck et al., 
1989 Blood 73, 1504-12), vascular adhesion (Walsh et al., 1990 
Immunology 71, 258-65) and in vitro survival of eosinophils (Lopez et al., 

20 1988 J. Exp. Med. 167, 219-24). This cytokine also enhances histamine 
release from basophils (Hirai et al., 1990 J. Exp. Mad. 172, 1525-8). The 
following summaries of clinical results support the selection of IL-5 as a 
primary target for the treatment of asthma: 

Several studies have shown a direct correlation between the number 
25 of activated T cells and the number of eosinophils from asthmatic patients 
vs. normal patients (Oehling et al., 1992 J. Investig. Allergol. Clin. Immunol. 
2, 295-9). Patients with either allergic asthma or intrinsic asthma were 
treated with corticosteroids. The bronchoalveolar lavage was monitored for 
eosinophils, activated T helper cells and recovery of pulmonary function 
30 over a 28 to 30 day period. The number of eosinophils and activated T 
helper cells decreased progressively with subsequent improvement in 
pulmonary function compared to intrinsic asthma patients with no 
corticosteroid treatment. 

Bronchoalveolar lavage cells were screened for production of 
35 cytokines using in situ hybridization for mRNA. In situ hybridization signals 
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were detected for IL-2, IL-3, IL-4, IL-5 and GM-CSF. Upregulation of mRNA 
was observed for IL-4, IL-5 and GM-CSF (Robinson et al., 1993 J. Allergy 
Clin. Immunol . 92, 313-24). Another study showed that upregulation of IL-5 
transcripts from allergen challenged vs. saline challenged asthmatic 
5 patients (Krishnaswamy et al., 1993 Am. J. Respir. Cell. Mnl Rinl 9, 279- 
86). 

An 18 patient study was performed to determine a mechanism of 
action for corticosteroid improvement of asthma symptoms. Improvement 
was monitored by methacholine responsiveness. A correlation was 
10 observed between the methacholine responsiveness, a reduction in the 
number of eosinophils, a reduction in the number of cells expressing IL-4 
and IL-5 mRNA and an increase in number of cells expressing interferon- 
gamma. 

Bronchial biopsies from 15 patients were analyzed 24 hours after 
15 allergen challenge (Bentley et al., 1993 Am. J. Respir. Cell. Mnl. Bint, 8, 
35-42). Increased numbers of eosinophils and IL-2 receptor positive cells 
were found in the biopsies. No differences in the numbers of total 
leukocytes, T lymphocytes, elastase-positive neutrophils, macrophages or 
mast cell subtypes were observed. The number of cells expressing IL-5 
20 and GM-CSF mRNA significantly increased. 

In another patient study, the eosinophil phenotype was the same for 
asthmatic patients and normal individuals. However, eosinophils from 
asthmatic patients had greater leukotriene C4 producing capacity and 
migration capacity. There were elevated levels of IL-3, IL-5 and GM-CSF in 
25 the circulation of asthmatics but not in normal individuals (Bruijnzeel et al., 
1992Schweiz. Med. Wochfinsrhr 122,298-301). 

Efficacy of antibody to IL-5 was assessed in a guinea pig asthma 
model. The animals were challenged with ovalbumin and assayed for 
eosinophilia and the responsiveness to the bronchioconstriction substance 

30 P. A 30 mg/kg dose of antibody administered i.p. blocked ovalbumin- 
induced increased sensitivity to substance P and blocked increases in 
bronchoalveolar and lung tissue accumulation, of eosinophils (Mauser et 
al - 1993 Am. Rev, Respir, Pis, 148, 1623-7). In a separate study guinea 
pigs challenged for eight days with ovalbumin were treated with 

35 monoclonal antibody to IL-5. Treatment produced a reduction in the 
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number of eosinophils in bronchoalveolar lavage. No reduction was 
observed for unchallenged guinea pigs and guinea pigs treated with a 
control antibody. Antibody treatment completely inhibited the development 
of hyperreactivity to histamine and arecoline after ovalbumin challenge 
5 (van Oosterhout et al. f 1 993 Am. Rev. Resoir. Pis. 1 47, 548-52) 

Results obtained from human clinical analysis and animal studies 
indicate the role of activated T helper cells, cytokines and eosinophils in 
asthma. The role of IL-5 in eosinophil development and function makes IL- 
5 a good candidate for target selection. The antibody studies neutralized 
10 IL-5 in the circulation thus preventing eosinophilia. Inhibition of the 
production of IL-5 will achieve the same goal. 

Asthma - a prominent feature of asthma is the infiltration of 
eosinophils and deposition of toxic eosinophil proteins (e.g. major basic 
protein, eosinophil-derived neurotoxin) in the lung. A number of T-cell- 
15 derived factors like IL-5 are responsible for the activation and maintainance 
of eosinophils (Kay, 1991 J. Allemv Clin: Immun 87, 893). Inhibition of IL-5 
expression in the lungs can decrease the activation of eosinophils and will 
help alleviate the symptoms of asthma. 

Atopy - is characterized by the developement of type I hypersensitive 
20 reactions associated with exposure to certain environmental antigens. One 
of the common clinical manifestations of atopy is eosinophilia 
(accumulation of abnormally high levels of eosinophils in the blood). 
Antibodies against IL-5 have been shown to lower the levels of eosinophils 
in mice (Cook et al„ 1993 in Immunopha rmacol. Eosinoph il* e d. Smith and 
25 Cook, pp. 193-216, Academic, London, UK) 

Parasitic infection-related eosinophilia- infections with 
parasites like helminths, can lead to severe eosinophilia (Cook et al., 1993 
SUfiia). Animal models for eosinophilia suggest that infection of mice, for 
example, can lead to blood, peritoneal and/or tissue eosinophilia, all of 
30 which seem to be lowered to varying degrees by antibodies directed 
against IL-5. 

Pulmonary infiltration eosinophilia- is characterised by 
accumulation of high levels of eosinophils in pulmonary parenchyma 
(Gleich, 1 990 J. Allergy Clin. Immunol. 85, 422). 
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L-Tryptophan-associated eosinophilia-myalgia syndrome 
(EMS)- The EMS disease is closely linked to the consumption of L- 
tryptophan, an essential aminoacid used to treat conditions like insomnia 
(for review see Varga et al., 1993 J Invest. Dermatnt 100, 97s). Pathologic 
5 and histologic studies have demonstrated high levels of eosinophils and 
mononuclear inflammatory cells in patients with EMS. It appears that IL-5 
and transforming growth factor play a significant role in the development of 
EMS (Varga et al., 1993 supra) by activating eosinophils and other 
inflammatory cells. 

10 Thus, ribozymes of the present invention that cleave IL-5 mRNA and 

thereby IL-5 activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits IL-5 
function is described above; available cellular and activity assays are 

1 5 numerous, reproducible, and accurate. Animal models for IL-5 function 
and for each of the suggested disease targets exist (Cook et al., 1993 
supra) and can be used to optimize activity. 

Example 3: NF-kB 

Ribozymes that cleave rel A mRNA represent a novel therapeutic 
20 approach to inflammatory or autoimmune disorders. Inflammatory 
mediators such as lipopolysaccharide (LPS), interleukin-1 (IL-1) or tumor 
necrosis factor-a (TNF-a) act on cells by inducing transcription of a number 
of secondary mediators, including other cytokines and adhesion 
molecules. In many cases, this gene activation is known to be mediated by 
25 the transcriptional regulator, NF-kB. One subunit of NF-kB, the re/A gene 
product (termed RelA or p65) is implicated specifically in the induction of 
inflammatory responses. Ribozyme therapy, due to its exquisite specificity, 
is particularly well-suited to target intracellular factors that contribute to 
disease pathology. Thus, ribozymes that cleave mRNA encoded by rel A or 
30 TNF-a may represent novel therapeutics for the treatment of inflammatory 
and autoimmune disorders. 

The nuclear DNA-binding activity, NF-kB, was first identified as a 
factor that binds and activates the immunoglobulin k light chain enhancer 
in B cells. NF-kB now is known to activate transcription of a variety of other 
35 cellular genes {e.g., cytokines, adhesion proteins, oncogenes and viral 
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proteins) in response to a variety of stimuli (e.g., phorbol esters, mitogens, 
cytokines and oxidative stress). In addition, molecular and biochemical 
characterization of NF-kB has shown that the activity is due to a 
homodimer or heterodimer of a family of DNA binding subunits. Each 
5 subunit bears a stretch of 300 amino acids that is homologous to the 
oncogene, v-rel. The activity first described as NF-kB is a heterodimer of 
p49 or p50 with p65. The p49 and p50 subunits of NF-kB (encoded by the 
nf-KB2 or nf-icB1 genes, respectively) are generated from the precursors 
NF-kB1 (p105) or NF-kB2 (p100). The p65 subunit of NF-kB (now 
1 0 termed Rel A ) is encoded by the rel A locus. 

The roles of each specific transcription-activating complex now are 
being elucidated in cells (N.D. Perkins, et al., 1992 Proc. Natl Acad SH 
USA 89, 1529-1533). For instance, the heterodimer of NF-kB1 and Rel A 
(p50/p65) activates transcription of the promoter for the adhesion molecule, 

15 VCAM-1, while NF-KB2/RelA heterodimers (p49/p65) actually inhibit 
transcription (H.B. Shu, et al., Mol. Cell. Biol. 13, 6283-6289 (1993)). 
Conversely, heterodimers of NF-icB2/RelA (p49/p65) act with Tat-I to 
activate transcription of the HIV genome, while NF-icB1/RelA (p50/p65) 
heterodimers have little effect (J. Liu, N.D. Perkins, R.M. Schmid, G.J. 

20 Nabel, J. Virol. 1992 66, 3883-3887). Similarly, blocking rel A gene 
expression with antisense oligonucleotides specifically blocks embryonic 
stem cell adhesion; blocking NF-kB1 gene expression with antisense 
oligonucleotides had no effect on cellular adhesion (Narayanan et al., 
1993 Mol- Cell. BM 13, 3802-3810). Thus, the promiscuous role initially 

25 assigned to NF-kB in transcriptional activation (M.J. Lenardo, D. Baltimore, 
1 989 £§J! 58, 227-229) represents the sum of the activities of the rel family 
of DNA-binding proteins. This conclusion is supported by recent transgenic 
"knock-out" mice of individual members of the rel family. Such "knock- 
outs" show few developmental defects, suggesting that essential 

30 transcriptional activation functions can be performed by more than one 
member of the rel family. 

A number of specific inhibitors of NF-kB function in cells exist, 
including treatment with phosphorothioate antisense oliogonucleotide, 
treatment with double-stranded NF-kB binding sites, and over expression 
35 of the natural inhibitor MAD-3 (an IkB family member). These agents have 
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been used to show that NF-kB is required for induction of a number of 
molecules involved in inflammation, as described below. 

•NF-kB is required for phorbol ester-mediated induction of IL-6 (I. 
Kitajima, et al., Science 258, 1792-5 (1992)) and IL-8 (Kunsch and Rosen, 
5 1993 Mol. Cell. Biol . 13. 6137-4R) 

•NF-kB is required for induction of the adhesion molecules ICAM-1 
(Eck, et al., 1993 Mol. Cell. Biol. 13, 6530-6536), VCAM-1 (Shu et al., 
supra), and E-selectin (Read, et al., 1994 J. Exo. Med. 179, 503-512) on 
endothelial cells. 

•NF-kB is involved in the induction of the integrin subunit, CD18, and 
other adhesive properties of leukocytes (Eck et al., 1993 supra). 

The above studies suggest that NF-kB is integrally involved in the 
induction of cytokines and adhesion molecules by inflammatory mediators. 
Two recent papers point to another connection between NF-kB and 
inflammation: glucocorticoids may exert their anti-inflammatory effects by 
inhibiting NF-kB. The glucocorticoid receptor and p65 both act at NF-kB 
binding sites in the ICAM-1 promoter (van de Stolpe, et al., 1994 j. Biol. 
Chem ' 269 - 6185-6192). Glucocorticoid receptor inhibits NF-KB-mediated 
induction of IL-6 (Ray and Prefontaine, 1994 Proc. Natl Acad. Sri USA 91 , 
752-756). Conversely, overexpression of p65 inhibits glucocorticoid 
induction of the mouse mammary tumor virus promoter. Finally, protein 
cross-linking and co-immunoprecipitation experiments demonstrated direct 
physical interaction between p65 and the glucocorticoid receptor (Id.). 

Ribozymes of this invention block to some extent NF-kB expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of restenosis, transplant rejection and rheumatoid arthritis. Ribozyme 
cleavage of relA mRNA in these systems may prevent inflammatory cell 
function and alleviate disease symptoms. 

The sequence of human and mouse re/A mRNA can be screened for 
accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 17, 18 and 21-22. (All sequences are 5' to 3' in 
the tables.) While mouse and human sequences can be screened and 
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ribozymes thereafter designed, the human targetted sequences are of most 
utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 19-22. Those in the art will recognize that 
5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

10 By engineering ribozyme motifs we have designed several ribozymes 

directed against rel A mRNA sequences. These ribozymes are synthesized 
with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave re/A target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing cytokine- 
1 5 induced VCAM-1 , ICAM-1 , IL-6 and IL-8 expression levels. Ribozymes will 
be delivered to cells by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA and RNA 
vectors. Cytokine-induced VCAM-1, ICAM-1, IL-6 and IL-8 expression will 
be monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
20 analysis. Rel A mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
Activity of NF-kB will be monitored by gel-retardation assays. Ribozymes 
that block the induction of NF-kB activity and/or rel A mRNA by more than 
50% will be identified. 

25 RNA ribozymes and/or genes encoding them will be locally delivered 

to transplant tissue ex vivo in animal models. Expression of the ribozyme 
will be monitored by its ability to block ex vivo induction of VCAM-1, ICAM- 
1, IL-6 and IL-8 mRNA and protein. The effect of the anti-re/ A ribozymes 
on graft rejection will then be assessed. Similarly, ribozymes will be 

30 introduced into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-reM ribozyme or a gene 
construct that constitutively expresses the ribozyme may abrogate 

35 inflammatory and immune responses in these diseases. 



WO 95/23225 



PCT/IB95/00156 



37 

Uses 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
5 treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves rel A mRNA, 
uses are limited to local delivery, acute indications, or ex vivo treatment. 

1 0 •Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 

15 synovium: high efficiency of gene transfer and expression for several 
months would be expected (BJ. Roessler. E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 

20 administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Restenosis. 

25 Expression of NF-kB in the vessel wall of pigs causes a narrowing of 

the luminal space due to excessive deposition of extracellular matrix 
components. This phenotype is similar to matrix deposition that occurs 
subsequent to coronary angioplasty. In addition, NF-kB is required for the 
expression of the oncogene c-myb (F.A. La Rosa, J.W. Pierce, G.E. 

30 Soneneshein, Mol. Cell. Biol. 14, 1039-44 (1994)). Thus NF-kB induces 
smooth muscle proliferation and the expression of excess matrix 
components: both processes are thought to contribute to reocclusion of 
vessels after coronary angioplasty. 

•Transplantation. 
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NF-kB is required for the induction of adhesion molecules (Eck et at., 
supra, K. O'Brien, et al. f J. Clin. Invest. 92, 945-951 (1993)) that function in 
immune recognition and inflammatory responses. At least two potential 
modes of treatment are possible. In the first, transplanted organs are 
5 treated ex vivo with ribozymes or ribozyme expression vectors. Transient 
inhibition of NF-kB in the transplanted endothelium may be sufficient to 
prevent transplant-associated vasculitis and may significantly modulate 
graft rejection. In the second, donor B cells are treated ex vivo with 
ribozymes or ribozyme expression vectors. Recipients would receive the 
10 treatment prior to transplant. Treatment of a recipient with B ceils that do 
not express T cell co-stimulatory molecules (such as ICAM-1, VCAM-1, 
and/or B7 an B7-2) can induce antigen-specific anergy. Tolerance to the 
donor's histocompatibility antigens could result; potentially, any donor 
could be used for any transplantation procedure. 

1 5 •Asthma. 

Granulocyte macrophage colony stimulating factor (GM-CSF) is 
thought to play a major role in recruitment of eosinophils and other 
inflammatory cells during the late phase reaction to asthmatic trauma. 
Again, blocking the local induction of GM-CSF and other inflammatory 
20 mediators is likely to reduce the persistent inflammation observed in 
chronic asthmatics. Aerosol delivery of ribozymes or adenovirus ribozyme 
expression vectors is a feasible treatment. 

•Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
25 techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
30 adenovirus or retrovirus constructs will greatly enhance their potential. 

Thus, ribozymes of the present invention that cleave relA mRNA and 
thereby NF-kB activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits NF-kB 
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function is described above; available cellular and activity assays are 
number, reproducible, and accurate. Animal models for NF-kB function 
(Kitajima, et al., supra) and for each of the suggested disease targets exist 
and can be used to optimize activity. 

5 Example 4: TNF-« 

Ribozymes that cleave the specific cites in TNF-a mRNA represent a 
novel therapeutic approach to Inflammatory or autoimmune disorders. 

Tumor necrosis factor-o (TNF-a) is a protein, secreted by activated 
leukocytes, that is a potent mediator of inflammatory reactions. Injection of 
10 TNF-a into experimental animals can simulate the symptoms of systemic 
and local inflammatory diseases such as septic shock or rheumatoid 
arthritis. 

TNF-a was initially described as a factor secreted by activated 
macrophages which mediates the destruction of solid tumors in mice (Old, 

15 1985 Science 230. 4225-4231). TNF-a subsequently was found to be 
identical to cachectin, an agent responsible for the weight loss and wasting 
syndrome associated with tumors and chronic infections (Beutler, et al., 
1985 Nature 316, 552-554). The cDNA and the genomic locus for TNF-a 
have been cloned and found to be related to TNF-B (Shakhov et al., 1990 

20 J. Exp, Med, 171, 35-47). Both TNF-a and TNF-3 bind to the' same 
receptors and have nearly identical biological activities. The two TNF 
receptors have been found on most cell types examined (Smith, et al., 
1990 Science 248, 1019-1023). TNF-a secretion has been detected from 
monocytes/macrophages, CD4+ and CD8+ T-cells, B-cells, lymphokine 

25 activated killer cells, neutrophils, astrocytes, endothelial cells, smooth 
muscle cells, as well as various non-hematopoietic tumor cell lines ( for a 
review see Turestskaya et al., 1991 in Tumor N^r^is Factor: Rtr..rt„m i 
Function, and Mechanism of Action B. B. Aggarwal, J. Vilcek, Eds. Marcel 
Dekker, Inc., pp. 35-60). TNF-a is regulated transcriptionally and 

30 translationally, and requires proteolytic processing at the plasma 
membrane in order to be secreted (Kriegler et al., 1988 Qel 53, 45-53). 
Once secreted, the serum half life of TNF-a is approximately 30 minutes. 
The tight regulation of TNF-a is important due to the extreme toxicity of this 
cytokine. Increasing evidence indicates that overproduction of TNF-a 
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during infections can lead to severe systemic toxicity and death (Tracey & 
Cerami. 1992 Am. J. Trop. Med. Hvo. 47 9-7) 

Antisense RNA and Hammerhead ribozymes have been used in an 
attempt to lower the expression level of TNF-a by targeting specified 
5 cleavage sites [Sioud et al., 1992 J. Mol. Bir.1. 223; 831; Sioud WO 
94/10301; Kisich and co-workers, 1990 abstract (FASEB .1. 4, A1860; 1991 
slide presentation (J, Leukocyte Biol, sup. 2, 70); December, 1992 poster 
presentation at Anti-HIV Therapeutics Conference in SanDiego, CA; and 
"Development of anti-TNF-a ribozymes for the control of TNF-a gene 
10 expression"- Kisich, Doctoral Dissertation, 1993 University of California, 
Davis] listing various TNFa targeted ribozymes. 

Ribozymes of this invention block to some extent TNF-a expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
15 of septic shock and rheumatoid arthritis. Ribozyme cleavage of TNF-a 
mRNA in these systems may prevent inflammatory cell function and 
alleviate disease symptoms. 

The sequence of human and mouse TNF-a mRNA can be screened 
for accessible sites using a computer folding algorithm. Hammerhead or 

20 hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables 23, 25, and 27 - 28. (All sequences are 5' to 3' in the tables.) While 
mouse and human sequences can be screened and ribozymes thereafter 
designed, the human targeted sequences are of most utility. However, 
mouse targeted ribozymes are useful to test efficacy of action of the 

25 ribozyme prior to testing in humans. The nucleotide base position is noted 
in the Tables as that site to be cleaved by the designated type of ribozyme. 
(In Table 24, lower case letters indicate positions that are not conserved 
between the human and the mouse TNF-a sequences.) 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 24, 26 - 28. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Tables 24 and 26 (5-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion, and/or insertion) to contain any 
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sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 27 and 28 (5'-CACGUUGUG-3') can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
5 two base-paired stem structure can form. The sequences listed in Tables 
24, 26 - 28 may be formed of ribonucleotides or other nucleotides or non- 
nucleotides. Such ribozymes are equivalent to the ribozymes described 
specifically in the Tables or AAV . 

In a preferred embodiment of the invention, a transcription unit 
10 expressing a ribozyme that cleaves TNF-a RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA viral vector or AAV or alpha virus or 
retroviris vectors. Viral vectors have been used to transfer genes to the 
intact vasculature or to joints of live animals (Willard et al„ 1992 
Circulation, 86, I-473.; Nabel et al., 1990 Science . 249, 1285-1288) and 
15 both vectors lead to transient gene expression. The adenovirus vector is 
delivered as recombinant adenoviral particles. DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The DNA, 
DNA/vehicle complexes, or the recombinant adenovirus particles are 
locally administered to the site of treatment, e.g., through the use of an 
20 injection catheter, stent or infusion pump or are directly added to cells or 
tissues ex vivo. 

In another preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-°= RNA is inserted into a retrovirus 
vector for sustained expression of ribozyme(s). 

25 By engineering ribozyme motifs we have designed several ribozymes 

directed against TNF-a mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave TNF-a target sequences in vitro is evaluated. 

The ribozymes will be tested for function in cells by analyzing 
30 bacterial lipopolysaccharide (LPS)-induced TNF-a expression levels. 
Ribozymes will be delivered to cells by incorporation into liposomes, by 
complexing with cationic lipids, by microinjection, or by expression from 
DNA vectors. TNF-a expression will be monitored by ELISA, by indirect 
immunofluoresence, and/or by FACS analysis. TNF-a mRNA levels will be 
35 assessed by Northern analysis, RNAse protection, primer extension 
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analysis or quantitative RT-PCR. Ribozymes that block the induction of 
TNF-a activity and/or TNF-a mRNA by more than 90% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to macrophages by intraperitoneal injection. After a period of ribozyme 
5 uptake, the peritoneal macrophages are harvested and induced ex vivo 
with LPS. The ribozymes that significantly reduce TNF-a secretion are 
selected. The TNF-a can also be induced after ribozyme treatment with 
fixed Streptococcus in the peritoneal cavity instead of ex vivo. In this 
fashion the ability of TNF-a ribozymes to block TNF-a secretion in a 
10 localized inflammatory response are evaluated. In addition, we will 
determine if the ribozymes can block an ongoing inflammatory response by 
delivering the TNF-a ribozymes after induction by the injection of fixed 
Streptococcus. 

To examine the effect of anti-TNF-a ribozymes on systemic 
15 inflammation, the ribozymes are delivered by intravenous injection. The 
ability of the ribozymes to inhibit TNF-a secretion and lethal shock caused 
by systemic LPS administration are assessed. Similarly, TNF-a ribozymes 
can be introduced into the joints of mice with collagen-induced arthritis. 
Either free delivery, liposome delivery, cationic lipid delivery, adeno- 
20 associated virus vector delivery, adenovirus vector delivery, retrovirus 
vector delivery or plasmid vector delivery in these animal model 
experiments can be used to supply ribozymes. One dose (or a few 
infrequent doses) of a stable anti-TNF-a ribozyme or a gene construct that 
constitutively expresses the ribozyme may abrogate tissue damage in 
25 these inflammatory diseases. 

Macrophage isolation. 

To produce responsive macrophages 1 ml of sterile fluid thioglycollate 
broth (Difco, Detroit, Ml.) was injected i.p. into 6 week old female 
C57bl/6NCR mice 3 days before peritoneal lavage. Mice were maintained 

30 as specific pathogen free in autoclaved cages in a laminar flow hood and 
given sterilized water to minimize "spontaneous" activation of 
macrophages. The resulting peritoneal exudate cells (PEC) were obtained 
by lavage using Hanks balanced saft solution (HBSS) and were plated at 
2.5X1 05/well in 96 well plates (Costar, Cambridge, MA.) with Eagles 

35 minimal essential medium (EMEM) containing 10% heat inactivated fetal 
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bovine serum. After adhering for 2 hours the wells were washed to remove 
non-adherent cells. The resulting cultures were 97% macrophages as 
determined by morphology and staining for non-specific esterase. 

Transfection of ribozymes into macrophages: 

5 The ribozymes were diluted to 2X final concentration, mixed with an 

equal volume of 11nM lipofectamine (Life Technologies, Gaithersburg, 
MD.), and vortexed. 100 ml of lipid:ribozyme complex was then added 
directly to the cells, followed immediately by 10 ml fetal bovine serum. 
Three hours after ribozyme addition 100 ml of 1 mg/ml bacterial 
10 lipopolysaccaride (LPS) was added to each well to stimulate TNF 
production. 

Quantitation of TNF-a in mouse macrophages. 

Supernatants were sampled at 0, 2, 4, 8, and 24 hours post LPS 
stimulation and stored at -70°C. Quantitation of TNF-cc was done by a 

1 5 specific ELISA. ELISA plates were coated with rabbit anti-mouse TNF-a 
serum at 1:1000 dilution (Genzyme) followed by blocking with milk proteins 
and incubation with TNF-a containing supernatants. TNF-a was then 
detected using a murine TNF-a specific hamster monoclonal antibody 
(Genzyme). The ELISA was developed with goat anti-hamster IgG coupled 

20 to alkaline phosphatase. 

Assessment of reagent toxicity: 

Following ribozyme/lipid treatment of macrophages and harvesting of 
supernatants viability of the cells was assessed by incubation of the cells 
with 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
25 bromide (MTT). This compound is reduced by the mitochondrial 
dihydrogenases, the activity of which correlates well with cell viability. After 
12 hours the absorbance of reduced MTT is measured at 585 nm. 

Uses 

The association between TNF-a and bacterial sepsis, rheumatoid 
30 arthritis, and autoimmune disease make TNF-a an attractive target for 
therapeutic intervention [Tracy & Cerami 1992 supra: Williams et al., 1992 
Proc Natl, Acad. $ci. USA 89, 9784-9788; Jacob, 1992 J. Autoimm.m 5 
(Supp. A), 133-143]. ~~ ~" 
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Septic Shock 

Septic shock is a complication of major surgery, bacterial infection, 
and polytrauma characterized by high fever, increased cardiac output,' 
reduced blood pressure and a neutrophilic infiltrate into the lungs and 
5 other major organs. Current treatment options are limited to antibiotics to 
reduce the bacterial load and non-steroidal anti-inflammatories to reduce 
fever. Despite these treatments in the best intensive care settings, mortality 
from septic shock averages 50%, due primarily to multiple organ failure 
and disseminated vascular coagulation. Septic shock, with an incidence of 

1 0 200,000 cases per year in the United States, is the major cause of death in 
intensive care units. In septic shock syndrome, tissue injury or bacterial 
products initiate massive immune activation, resulting in the secretion of 
pro-inflammatory cytokines which are not normally detected in the serum, 
such as TNF-o, interleukin-16 (IL-113), y-interferon (IFN-y), interleukin-6 (IL- 

15 6), and interleukin-8 (IL-8). Other non-cytokine mediators such as 
leukotriene b4, prostaglandin E2, C3a and C3d also reach high levels (de 
Boer et al., 1992 ImmunoDharmannlnriy 24, 135-148). 

TNF-a is detected early in the course of septic shock in a large fraction 
of patients (de Boer et al., 1992 supra). In animal models, injection of TNF- 

20 a has been shown to induce shock-like symptoms similar to those induced 
by LPS injection (Beutler et al., 1985 Science 229, 869-871); in contrast, 
injection of IL-113, IL-6, or IL-8 does not induce shock. Injection of TNF-o 
also causes an elevation of IL-18, IL-6, IL-8, PgE 2 . acute phase proteins, 
and TxA 2 in the serum of experimental animals (de Boer et al., 1992 

25 supra). In animal models the lethal effects of LPS can be blocked by pre- 
administration of anti-TNF-a antibodies, the cumulative evidence indicates 
that TNF-a is a key player in the pathogenesis of septic shock, and 
therefore a good candidate for therapeutic intervention. 



30 



Rheumatoid Arteritis 



Rheumatoid arthritis (RA) is an autoimmune disease characterized by 
chronic inflammation of the joints leading to bone destruction and loss of 
joint function. At the cellular level, autoreactive T- lymphocytes and 
monocytes are typically present, and the synoviocytes often have altered 
morphology and immunostaining patterns. RA joints have been shown to 
35 contain elevated levels of TNF-a, IL-1 a and IL-1 13, IL-6, GM-CSF and TGF- 
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6 (Abney et al., 1991 Imm- Rev, 119, 105-123), some or all of which may 
contribute to the pathological course of the disease. 

Cells cultured from RA joints spontaneously secrete all of the pro- 
inflammatory cytokines detected in vivo. Addition of antisera against TNF-a 
5 to these cultures has been shown to reduce IL-1o/B production by these 
cells to undetectable levels (Abney et aJ., 1991 Supra) . Thus, TNF-a may 
directly induce the production of other cytokines in the RA joint. Addition of 
the anti-inflammatory cytokine, TGF-B, has no effect on cytokine secretion 
. by RA cultures. Immunocytochemical studies of human RA surgical 

10 specimens clearly demonstrate the production of TNF-a, lL-1a/B, and IL-6 
from macrophages near the cartilage/pannus junction when the pannus in 
invading and overgrowing the cartilage (Chu et al., 1992 Br. J. 
Rheumatology 31, 653-661). GM-CSF was shown to be produced mainly 
by vascular endothelium in these samples. Both TNF-a and TGF-B have 

15 been shown to be fibroblast growth factors, and may contribute to the 
accumulation of scar tissue in the RA joint. TNF-a has also been shown to 
increase osteoclast activity and bone resorbtion, and may have a role in 
the bone erosion commonly found in the RA joint (Cooper et al., 1992 Clin. 
Exp. Immunol. 89, 244-250). 

20 Elimination of TNF-a from the rheumatic joint would be predicted to 

reduce overall inflammation by reducing induction of MHC class II, IL-1a/B, 
II-6, and GM-CSF, and reducing T-cell activation. Osteoclast activity might 
also fall, reducing the rate of bone erosion at the joint. Finally, elimination 
of TNF-a would be expected to reduce accumulation of scar tissue within 

25 the joint by removal of a fibroblast growth factor. 

Treatment with an anti-TNF-a antibody reduces joint swelling and the 
histological severity of collagen-induced arthritis in mice (Williams et al., 
1992 Proc Natl, Acad, Sci, USA 89, 9784-9788). In addition, a study of RA 
patients who have received i.v. infusions of anti-TNF-a monoclonal 
30 antibody reports a reduction in the number and severity of inflamed joints 
after treatment. The benefit of monoclonal antibody treatment in the long 
term may be limited by the expense and immunogenicity of the antibody. 

Psoriasis 



35 



Psoriasis is an inflammatory disorder of the skin characterized by 
keratinocyte hyperproliferation and immune cell infiltrate (Kupper, 1990 ^ 
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Clin. Invest. 86, 1783-1789). It is a fairly common condition, affecting 1.5- 
2.0% of the population. The disorder ranges in severity from mild, with 
small flaky patches of skin, to severe, involving inflammation of the entire 
epidermis. The cellular infiltrate of psoriasis includes T-lymphocytes, 
5 neutrophils, macrophages, and dermal dendrocytes. The majority of T- 
lymphocytes are activated CD4+ cells of the T H -1 phenotype, although 
some CD8+ and CD4-/CD8' are also present. B lymphocytes are typically 
not found in abundance in psoriatic plaques. 

Numerous hypotheses have been offered as to the proximal cause of 
10 psoriasis including auto-antibodies and auto-reactive T-cells, 
overproduction of growth factors, and genetic predisposition. Although 
there is evidence to support the involvement of each of these factors in 
psoriasis, they are neither mutually exclusive nor are any of them 
necessary and sufficient for the pathogenesis of psoriasis (Reeves, 1991 
15 Semin. Dermatol. 10. 217). 

The role of cytokines in the pathogenesis of psoriasis has been 
investigated. Among those cytokines found to be abnormally expressed 
were TGF-a , IL-1a, IL-18, IL-1ra, IL-6, IL-8, IFN-y, and TNF-a . In addition 
to abnormal cytokine production, elevated expression of ICAM-1 , ELAM-1 , 

20 and VCAM has been observed (Reeves, 1991 supral . This cytokine profile 
is similar to that of normal wound healing, with the notable exception that 
cytokine levels subside upon healing. Keratinocytes themselves have 
recently been shown to be capable of secreting EGF, TGF-a, IL-6, and 
TNF-a, which could increase proliferation in an autocrine fashion (Oxholm 

25 etal., 1991 APMiS 99, 58-64). 

Nickoloff et al., 1993 U Dermatol Sci. 6, 127-33) have proposed the 
following model for the initiation and maintenance of the psoriatic plaque: 

Tissue damage induces the wound healing response in the skin. 
Keratinocytes secrete IL-1a, IL-18, IL-6, IL-8, TNF-a. These factors 
30 activate the endothelium of dermal capillaries, recruiting PMNs, 
macrophages, and T-cells into the wound site. 

Dermal dendrocytes near the dermal/epidermal junction remain 
activated when they should return to a quiescent state, and subsequently 
secrete cytokines including TNF-a. IL-6, and IL-8. Cytokine expression, in 
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turn, maintains the activated state of the endothelium, allowing 
extravasation of additional immunocytes, and the activated state of the 
keratinocytes which secrete TGF-a and IL-8. Keratinocyte IL-8 recruits 
immunocytes from the dermis into the epidermis. During passage through 
5 the dermis, T-cells encounter the activated dermal dendrocytes which 
efficiently activate the T H -1 phenotype. The activated T-cells continue to 
migrate into the epidermis, where they are stimulated by keratinocyte- 
expressed ICAM-1 and MHC class II. IFN-y secreted by the T-cells 
synergizes with the TNF-ct from dermal dendrocytes to increase 
1 0 keratinocyte proliferation and the levels of TGF-a, IL-8, and IL-6 production. 
IFN-y also feeds back to the dermal dendrocyte, maintaining the activated 
phenotype and the inflammatory cycle. 

Elevated serum titres of IL-6 increases synthesis of acute phase 
proteins including complement factors by the liver, and antibody production 
15 by plasma cells. Increased complement and antibody levels increases the 
probability of autoimmune reactions. 

Maintenance of the psoriatic plaque requires continued expression of 
all of these processes, but attractive points of therapeutic intervention are 
TNF-a expression by the dermal dendrocyte to maintain activated 
20 endothelium and keratinocytes, and IFN-y expression by T-cells to maintain 
activated dermal dendrocytes. 

There are 3 million patients in the United States afflicted with 
psoriasis. The available treatments for psoriasis are corticosteroids. The 
most widely prescribed are TEMOVATE (clobetasol propionate), LIDEX 

25 (fluocinonide), DIPROLENE (betamethasone propionate), PSORCON 
(diflorasone diacetate) and TRIAMCINOLONE formulated for topical 
application. The mechanism of action of corticosteroids is multifactorial. 
This is a palliative therapy because the underlying cause of the disease 
remains, and upon discontinuation of the treatment the disease returns. 

30 Discontinuation of treatment is often prompted by the appearance of 
adverse effects such as atrophy, telangiectasias and purpura. 
Corticosteroids are not recommended for prolonged treatments or when 
treatment of large and/or inflamed areas is required. Alternative treatments 
include retinoids, such as etretinate, which has been approved for 

35 treatment of severe, refractory psoriasis. Alternative retinoid-based 
treatments are in advanced clinical trials. Retinoids act by converting 
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keratinocytes to a differentiated state and restoration of normal skin 
development. Immunosuppressive drugs such as cyclosporine are also in 
the advanced stages of clinical trials. Due to the nonspecific mechanism of 
action of corticosteroids, retinoids and immunosuppressives, these 
5 treatments exhibit severe side effects and should not be used for extended 
periods of time unless the condition is life-threatening or disabling. There 
is a need for a less toxic, effective therapeutic agent in psoriatic patients. 

HIV and AIDS 

The human immunodeficiency virus (HIV) causes several 
10 fundamental changes in the human immune system from the time of 
infection until the development of full-blown acquired immunodeficiency 
syndrome (AIDS). These changes include a shift in the ratio of CD4+ to 
CD8+ T-cells, sustained elevation of IL-4 levels, episodic elevation of TNF- 
<x and TNF-B levels, hypergammaglobulinemia, and lymphoma/leukemia 
15 (Rosenberg & Fauci, 1990 Immun. Today 11, 176; Weiss 1993 Science 
260, 1273). Many patients experience a unique tumor. Kaposi's sarcoma 
and/or unusual opportunistic infections (e.g. Pneumocystis carinii, 
cytomegalovirus, herpesviruses, hepatitis viruses, papilloma viruses, and 
tuberculosis). The immunological dysfunction of individuals with AIDS 
20 suggests that some of the pathology may be due to cytokine dysregulation. 

Levels of serum TNF-a and IL-6 are often found to be elevated in 
AIDS patients (Weiss, 1993 supra). In tissue culture, HIV infection of 
monocytes isolated from healthy individuals stimulates secretion of both 
TNF-a and IL-6. This response has been reproduced using purified gp120, 

25 the viral coat protein responsible for binding to CD-4 (Buonaguro et al., 
1992 J. Virol. 66, 7159). It has also been demonstrated that the viral gene 
regulator, Tat, can directly induce TNF transcription. The ability of HIV to 
directly stimulate secretion of TNF-a and IL-6 may be an adaptive 
mechanism of the virus. TNF-a has been shown to upregulate transcription 

30 of the LTR of HIV, increasing the number of HlV-specific transcripts in 
infected cells. IL-6 enhances HIV production, but at a post-transcriptional 
level, apparently increasing the efficiency with, which HIV transcripts are 
translated into protein. Thus, stimulation of TNF-a secretion by the HIV 
virus may promote infection of neighboring CD4+ cells both by enhancing 

35 virus production from latently infected cells and by driving replication of the 
virus in newly infected cells. 
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The role of TNF-o in HIV replication has been well established in 
tissue culture models of infection (Sher et al., 1992 Immun. Rev. 127, 183), 
suggesting that the mutual induction of HIV replication and TNF-a 
replication may create positive feedback in vivo. However, evidence for the 
5 presence of such positive feedback in infected patients is not abundant. 
TNF-a levels are found to be elevated in some, but not all patients tested. 
Children with AIDS who were given zidovudine had reduced levels of TNF- 
o compared to those not given zidovudine (Cremoni et al., 1993 AIDS 7, 
128). This correlation lends support to the hypothesis that reduced viral 
1 0 replication is physiologically linked to TNF-a levels. Furthermore, recently 
it has been shown that the polyclonal B cell activation associated with HIV 
infection is due to membrane-bound TNF-a. Thus, levels of secreted TNF-a 
may not accurately reflect the contribution of this cytokine to AIDS 
pathogenesis. 

15 Chronic elevation of TNF-a has been shown to shown to result in 

cachexia (Tracey et al., 1992 Am. J. Tron. MpH m yo 47i 2 -7), increased 
autoimmune disease (Jacob, 1992 supra) , lethargy, and immune 
suppression in animal models (Aderka et al., 1992 Isr. J. Med firi 28, 126- 
130). The cachexia associated with AIDS may be associated with 

20 chronically elevated TNF-a frequently observed in AIDS patients. 
Similarly, TNF-a can stimulate the proliferation of spindle cells isolated 
from Kaposi's sarcoma lesions of AIDS patients (Barillari et al., 1992 J_ 
Immunol 149, 3727). 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
25 adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
30 immunosuppressive properties of a ribozyme that cleaves the specified 
sites in TNF-a mRNA, uses are limited to local delivery, acute indications, 
or ex vivo treatment. 

•Septic shock. 
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Exogenous delivery of ribozymes to macrophages can be achieved 
by intraperitoneal or intravenous injections. Ribozymes will be delivered 
by incorporation into liposomes or by complexing with cationic lipids. 

•Rheumatoid arthritis (RA). 

5 Due to the chronic nature of RA, a gene therapy approach is logical. 

Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 

10 months would be expected (BJ. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-associated virus 

1 5 vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Psoriasis 

The psoriatic plaque is a particularly good candidate for ribozyme or 
20 vector delivery. The stratum corneum of the plaque is thinned, providing 
access to the proliferating keratinocytes. T-cells and dermal dendrocytes 
can be efficiently targeted by trans-epidermal diffusion . 

Organ culture systems for biopsy specimens of psoriatic and normal 
skin are described in current literature (Nickoloff et al„ 1993 Supra) . 
25 Primary human keratinocytes are easily obtained and will be grown into 
epidermal sheets in tissue culture. In addition to these tissue culture 
models, the flaky skin mouse develops psoriatic skin in response to UV 
light. This model would allow demonstration of animal efficacy for 
ribozyme treatments of psoriasis. 

30 «Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
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vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
adenovirus or retrovirus constructs will greatly enhance their potential. 

5 Thus, ribozymes of the present invention that cleave TNF-a mRNA 

and thereby TNF-a activity have many potential therapeutic uses, and 
there are reasonable modes of delivering the ribozymes in a number of the 
possible indications. Development of an effective ribozyme that inhibits 
TNF-a function is described above; available cellular and activity assays 
1 0 are number, reproducible, and accurate.* Animal models for TNF-a function 
and for each of the suggested disease targets exist and can be used to 
optimize activity. 

Example 5: p21(fe abj 

Chronic myelogenous leukemia exhibits a characteristic disease 
15 course, presenting initially as a chronic granulocytic hyperplasia, and 
invariably evolving into an acute leukemia which is caused by the clonal 
expansion of a cell with a less differentiated phenotype (Le,, the blast crisis 
stage of the disease), CML is an unstable disease which ultimately 
progresses to a terminal stage which resembles acute leukemia. This 
20 lethal disease affects approximately 16,000 patients a year. 
Chemotherapeutic agents such as hydroxyurea or busulfan can reduce the 
leukemic burden but do not impact the life expectancy of the patient (e^ 
approximately 4 years). Consequently, CML patients are candidates for 
bone marrow transplantation (BMT) therapy. However, for those patients 
25 which survive BMT, disease recurrence remains a major obstacle 
(Apperley et al., 1 988 Br. J. Haematol 69, 239). 

The Philadelphia (Ph) chromosome which results from the 
translocation of the abl oncogene from chromosome 9 to the bcr gene on 
chromosome 22 is found in greater than 95% of CML patients and in 10- 

30 25% of all cases of acute lymphoblastic leukemia [(ALL); Fourth 
International Workshop on Chromosomes in Leukemia 1982, Cancer 
Genet, Cvtoqenet , 11, 316]. In virtually all Ph-positive CMLs and 
approximately 50% of the Ph-positive ALLs, the leukemic cells express bcr- 
aW fusion mRNAs in which exon 2 (b2-a2 junction) or exon 3 (b3-a2 

35 junction) from the major breakpoint cluster region of the bcr gene is spliced 
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to exon 2 of the abl gene. Heisterkamp et al., 1985 Nature 315, 758; 
Shtivelman et al., 1987, Blood 69, 971). In the remaining cases of Ph- 
positive ALL, the first exon of the bcr gene is spliced to exon 2 of the abl 
gene (Hooberman et al., 1989 Proc. Nat. Acad. Rni USA 86, 4259; 
5 Heisterkamp et al., 1988 Nucleic Acids Res. 16, 10069). 

The b3-a2 and b2-a2 fusion mRNAs encode 210 kd bcr-abl fusion 
proteins which exhibit oncogenic activity (Daley et al., 1990 Science 247, 
824; Heisterkamp et al., 1990 Nature 344, 251). The importance of the bcr- 
abl fusion protein (p210 dcf - a ^ in the evolution and maintenance of the 
10 leukemic phenotype in human disease has been demonstrated using 
antisense oligonucleotide inhibition of p2lo^ cr_aW expression. These 
inhibitory molecules have been shown to inhibit the inyjtro. proliferation of 
leukemic cells in bone marrow from CML patients. Szczylik et al., 1991 
Science 253, 562). 

15 Reddy, U.S. Patent 5,246,921 (hereby incorporated by reference 

herein) describes use of ribozymes as therapeutic agents for leukemias, 
such as chronic myelogenous leukemia (CML) by targeting the specific 
junction region of bcr-abl fusion transcripts. It indicates causing cleavage 
by a ribozyme at or near the breakpoint of such a hybrid chromosome, 

20 specifically it includes cleavage at the sequence GUX, where X is A, U or 
G. The one example presented is to cleave the sequence 5' AGC AG 
AGUU (cleavage site) CAA AAGCCCU-3'. 

Scanlon WO 91/18625, WO 91/18624, and WO 91/18913 and 
Snyder et al., WO93/03141 and W094/13793 describe a ribozyme effective 
25 to cleave oncogenic variants of H-ras RNA. This ribozyme is said to inhibit 
H-ras expression in response to external stimuli. 

The invention features use of ribozymes to inhibit the development or 
expression of a transformed phenotype in man and other animals by 
modulating expression of a gene that contributes to the expression of CML. 
30 Cleavage of targeted mRNAs expressed in pre-neoplastic and transformed 
cells elicits inhibition of the transformed state. 

The invention can be used to treat cancer or pre-neoplastic 
conditions. Two preferred administration protocols can be used, either io 
mSL administration to reduce the tumor burden, or gx.yjyo. treatment to 
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eradicate transformed cells from tissues such as bone marrow prior to 
reimplantation. 

This invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of 
5 CML The mRNA targets are present in the 425 nucleotides surrounding 
the fusion sites of the bcr and abl sequences in the b2-a2 and b3-a2 
recombinant mRNAs. Other sequences in the 5' portion of the bcr mRNA or 
the 3' portion of the abl mRNA may also be targeted for ribozyme cleavage. 
Cleavage at any of these sites in the fusion mRNA molecules will result in 
1 0 inhibition of translation of the fusion protein in treated cells. 

The invention provides a class of chemical cleaving agents which 
exhibit a high degree of specificity for the mRNA causative of CML. Such 
enzymatic RNA molecules can be delivered exogenously or endogenously 
to afflicted cells. In the preferred hammerhead motif the small size (less 
15 than 40 nucleotides, preferably between 32 and 36 nucleotides in length) 
of the molecule allows the cost of treatment to be reduced. 

The smallest ribozyme delivered for any type of treatment reported to 
date (by Rossi et ql, f 1992 supra) is an in yjlro transcript having a length of 
142 nucleotides. Synthesis of ribozymes greater than 100 nucleotides in 

20 length is very difficult using automated methods, and the therapeutic cost of 
such molecules is prohibitive. Delivery of ribozymes by expression vectors 
is primarily feasible using only ex yjvo treatments. This limits the utility of 
this approach. In this invention, an alternative approach uses smaller 
ribozyme motifs and exogenous delivery. The simple structure of these 

25 molecules also increases the ability of the ribozyme to invade targeted 
regions of the mRNA structure. Thus, unlike the situation when the 
hammerhead structure is included within longer transcripts, there are no 
non-ribozyme flanking sequences to interfere with correct folding of the 
ribozyme structure, as well as complementary binding of the ribozyme to 

30 the mRNA target. 

The enzymatic RNA molecules of this invention can be used to treat 
human CML or precancerous conditions. Affected animals can be treated 
at the time of cancer detection or in a prophylactic manner. This timing of 
treatment will reduce the number of affected cells and disable cellular 
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replication. This is possible because the ribozymes are designed to 
disable those structures required for successful cellular proliferation. 

Ribozymes of this invention block to some extent p21 o^cr-abl 
expression and can be used to treat disease or diagnose such disease. 
5 Ribozymes will be delivered to cells in culture and to tissues in animal 
models of CML. Ribozyme cleavage of bcr/abl mRNA in these systems 
may prevent or alleviate disease symptoms or conditions. 

The sequence of human bcr/abl mRNA can be screened for 
accessible sites using a computer folding algorithm. Regions of the mRNA 
0 that did not form secondary folding structures and that contain potential 
hammerhead or hairpin ribozyme cleavage sites can be identified. These 
sites are shown in Table 29 (All sequences are 5' to 3' in the tables). The 
nucleotide base position is noted in the Tables as that site to be cleaved by 
the designated type of ribozyme. 

The sequences of the chemically synthesized ribozymes most useful 
in this study are shown in Table 30. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Table 30 (5'-GGCCGAAAGGCC-3') can 
be altered (substitution, deletion, and/or insertion) to contain any sequence 
provided, a minimum of two base-paired stem structure can form. The 
sequences listed in Tables 30 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the fables. 

By engineering ribozyme motifs we have designed several ribozymes 
directed against bcr-abl mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance as described 
above. These ribozymes cleave bcr-abl target sequences in vitro. 

The ribozymes are tested for function in vivo by exogenous delivery to 
cells expressing bcr-abl. Ribozymes are delivered by incorporation into 
liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA vectors. Expression of bcr-abl is monitored by 
ELISA, by indirect immunofluoresence, and/or by FACS analysis. Levels of 
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bcr-abl mRNA are assessed by Northern analysis, RNase protection, by 
primer extension analysis or by quantitative RT-PCR techniques. 
Ribozymes that block the induction of p2-\0 bcr ' abl ) protein and mRNA by 
more than 20% are identified. 

5 Example 6: RSV 

This invention relates to the use of ribozymes as inhibitors of 
respiratory syncytial virus (RSV) production, and in particular, the inhibition 
of RSV replication. 

RSV is a member of the virus family paramyxoviridae and is classified 
10 under the genus Pneumovirus (for a review see Mcintosh and Chanock, 
1990 in Virology ed. B.N. Fields, pp. 1045, Raven Press Ltd. NY). The 
infectious virus particle is composed of a nucleocapsid enclosed within an 
envelope. The nucleocapsid is composed of a linear negative single- 
stranded non-segmented RNA associated with repeating subunits of 
15 capsid proteins to form a compact structure and thereby protect the RNA 
from nuclease degradation. The entire nucleocapsid is enclosed by the 
envelope. The size of the virus particle ranges from 150 - 300 nm in 
diameter. The complete life cycle of RSV takes place in the cytoplasm of 
infected cells and the nucleocapsid never reaches the nuclear 
20 compartment (Hall, 1990 in Principles and Practice of Infectious Diseases 
ed. Mandell et al., Churchill Livingstone, NY). 

The RSV genome encodes ten viral proteins essential for viral 
production. RSV protein products include two structural glycoproteins (G 
and F) found in the envelope spikes, two matrix proteins [M and M2 (22K)] 

25 found in the inner membrane, three proteins localized in the nucleocapsid 
(N, P and L), one protein that is present on the surface of the infected cell 
(SH), and two nonstructural proteins [NS1 (1C) and NS2 (1B)] found only 
in the infected cell. The mRNAs for the 10 RSV proteins have similar 5' 
and 3' ends. UV-inactivation studies suggest that a single promoter is used 

30 with multiple transcription initiation sites (Barik et al., 1992 J. Virol. 66, 
6813). The order of transcription corresponding to the protein assignment 
on the genomic RNA is 1C, 1B, N, P, M, SH, G, F, 22K and L genes (Huang 
et al., 1985 Virus Res. 2, 157) and transcript abundance corresponds to 
the order of gene assignment (for example the 1C and 1B mRNAs are 

35 much more abundant than the L mRNA. Synthesis of viral message begins 
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immediately after RSV infection of cells and reaches a maximum at 14 
hours post-infection (Mcintosh and Chanock, supra). 

There are two antigenic subgroups of RSV, A and B, which can 
circulate simultaneously in the community in varying proportions in different 
5 years (Mcintosh and Chanock, supra). Subgroup A usually predominates. 
Within the two subgroups there are numerous strains. By the limited 
sequence analysis available it seems that homology at the nucleotide level 
is more complete within than between subgroups, although sequence 
divergence has been noted within subgroups as well. Antigenic 

1 0 determinates result primarily from both surface glycoproteins, F and G. For 
F, at least half of the neutralization epitopes have been stably maintained 
over a period of 30 years. For G however, A and B subgroups may be 
related antigenically by as little as a few percent. On the nucleotide level, 
however, the majority of the divergence in the coding region of G is found 

1 5 in the sequence for the extracellular domain (Johnson et al., 1987, Proc. 
Natl. Acad. Sci. USA 84, 5625). 

Respiratory Syncytial Virus (RSV) is the major cause of lower 
respiratory tract illness during infancy and childhood (Hall, supra) and as 
such is associated with an estimated 90,000 hospitalizations and 4500 

20 deaths in the United States alone (Update: respiratory syncytial virus 
activity - United States, 1993, Mmwr Morb Mortal Wkly Rep, 42, 971). 
Infection with RSV generally outranks all other microbial agents' leading to 
both pneumonia and bronchitis. While primarily affecting children under 
two years of age, immunity is not complete and reinfection of older children 

25 and adults, especially hospital care givers (Mcintosh and Chanock, supra), 
is not uncommon. Immunocompromised patients are severely affected and 
RSV infection is a major complication for patients undergoing bone marrow 
transplantation . 

Uneventful RSV respiratory disease resembles a common cold and 
30 recovery is in 7 to 12 days. Initial symptoms (rhinorrhea, nasal congestion 
slight fever, etc.) are followed in 1 to 3 days by lower respiratory tract signs 
of infection that include a cough and wheezing. In severe cases, these 
mild symptoms quickly progress to tachypnea, cyanosis, and listlessness 
and hospitalization is required. In infants with underlying cardiac or 
35 respiratory disease, the progression of symptoms is especially rapid and 
can lead to respiratory failure by the second or third day of illness. With 
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modern intensive care however, overall mortality is usually less than 5% of 
hospitalized patients (Mcintosh and Chanock, supra). 

At present, neither an efficient vaccine nor a specific antiviral agent is 
available. An immune response to the viral surface glycoproteins can 
5 provide resistance to RSV in a number of experimental animals, and a 
subunit vaccine has been shown to be effective for up to 6 months in 
children previously hospitalized with an RSV infection (Tristam etai, 1993, 
J. Infect. Dis. 167, 191). An attenuated bovine RSV vaccine has also been 
shown to be effective in calves for a similar length of time (Kubota et a/., 
10 1 992 J. Vet. Med. Sci. 54, 957). Previously however, a formalin-inactivated 
RSV vaccine was implicated in greater frequency of severe disease in 
subsequent natural infections with RSV (Connors et a/., 1992 J. Virol. 66, 
7444). 

The current treatment for RSV infection requiring hospitalization is the 

1 5 use of aerosolized ribavirin, a guanosine analog [Antiviral Agents and Viral 
Diseases of Man, 3rd edition. 1990.. (eds. G.J. Galasso, R.J. Whitley, and 
T.C. Merigan) Raven Press Ltd., NY.]. Ribavirin therapy is associated with 
a decrease in the severity of the symptoms, improved arterial oxygen and a 
decrease in the amount of viral shedding at the end of the treatment 

20 period. It is not certain, however, whether ribavirin therapy actually 
shortens the patients' hospital stay or diminishes the need for supportive 
therapies (Mcintosh and Chanock, supra). The benefits of ribavirin therapy 
are especially clear for high risk infants, those with the most serious 
symptoms or for patients with underlying bronchopulmonary or cardiac 

25 disease. Inhibition of the viral polymerase complex is supported as the 
main mechanism for inhibition of RSV by ribavirin, since viral but not 
cellular polypeptide synthesis is inhibited by ribavirin in RSV-infected cells 
(Antiviral Agents and Viral Diseases of Man, 3rd edition. 1990. (eds. G.J. 
Galasso, R.J. Whitley, and T.C. Merigan) Raven Press Ltd., NY]. Since 

30 ribavirin is at least partially effective against RSV infection when delivered 
by aerosolization, it can be assumed that the target cells are at or near the 
epithelial surface. In this regard, RSV antigen had not spread any deeper 
than the superficial layers of the respiratory epithelium in autopsy studies of 
fatal pneumonia (Mcintosh and Chanock, supra). 
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Jennings etai, WO 94/13688 indicates that targets for specific types 
of ribozymes include respiratory syncytical virus. 
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The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting production of respiratory syncytial 
virus (RSV). Such ribozymes can be used in a method for treatment of 
diseases caused by these related viruses in man and other animals. The 
5 invention also features cleavage of the genomic RNA and mRNA of these 
viruses by use of ribozymes. In particular, the ribozyme molecules 
described are targeted to the NS1 (1C), NS2 (1B) and N viral genes. 
These genes are known in the art (for a review see Mcintosh and Chanock, 
1990 supra). 

1 0 Ribozymes that cleave the specified sites in RSV mRNAs represent a 

novel therapeutic approach to respiratory disorders. Applicant indicates 
that ribozymes are able to inhibit the activity of RSV and that the catalytic 
activity of the ribozymes is required for their inhibitory effect. Those of 
ordinary skill in the art, will find that it is clear from the examples described 

15 that other ribozymes that cleave these sites in RSV mRNAs encoding 1C, 
1B and N proteins may be readily designed and are within the invention. 
Also, those of ordinary skill in the art, will find that It is clear from the 
examples described that ribozymes cleaving other mRNAs encoded by 
RSV (P, M, SH, G, F, 22/Cand L) and the genomic RNA may be readily 

20 designed and are within the invention. 

In preferred embodiments, the ribozymes have binding arms which 
are complementary to the sequences in Tables 31, 33, 35, 37 and 38. 
Examples of such ribozymes are shown in Tables 32, 34, 36-38. Examples 
of such ribozymes consist essentially of sequences defined in these 
25 Tables. By "consists essentially of is meant that the active ribozyme 
contains an enzymatic center equivalent to those in the examples, and 
binding arms able to bind mRNA such that cleavage at the target site 
occurs. Other sequences may be present which do not interfere with such 
cleavage. 

30 Ribozymes of this invention block to some extent RSV production and 

can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
respiratory disorders. Ribozyme cleavage of RSV encoded mRNAs or the 
genomic RNA in these systems may alleviate disease symptoms. 
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While all ten RSV encoded proteins (1C, 1B, N, P, M, SH, 22K, F, G, 
and L) are essential for viral life cycle and are all potential targets' for 
ribozyme cleavage, certain proteins (mRNAs) are more favorable for 
ribozyme targeting than the others. For example RSV encoded proteins 1C, 
5 1B, SH and 22K are not found in other members of the family 
paramyxoviridae and appear to be unique to RSV. In contrast the 
ectodomain of the G protein and the signal sequence of the F protein show 
significant sequence divergence at the nucleotide level among various 
RSV sub-groups (Johnson et al., 1987 supra). RSV proteins 1C, 1B and N 
10 are highly conserved among various subtypes at both the nucleotide and 
amino acid levels. Also, 1C, 1B and N are the most abundant of all RSV 
proteins. 

The sequence of human RSV mRNAs encoding 1C, 1B and N 
proteins are screened for accessible sites using a computer folding 
algorithm. Hammerhead or hairpin ribozyme cleavage sites were 
identified. These sites are shown in Tables 31 , 33, 34, 37 and 38 (All 
sequences are 5' to 3' in the tables.) The nucleotide base position is 
noted in the Tables as that site to be cleaved by the designated type of 
ribozyme. J 



15 
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Ribozymes of the hammerhead or hairpin motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences described above. The 
ribozymes are chemically synthesized. The method of synthesis used 
follows the procedure for normal RNA synthesis as described in Usman et 
25 a/., 1987 J. Am. Chem. Soc, 109, 7845,7854 and in Scaringe et al 1990 
Nucleic Acids Res., 18, 5433-5441 and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end and 
phosphoramidites at the 3'-end. The average stepwise coupling yields 
were >98%. Inactive ribozymes were synthesized by substituting a U for 
30 G 5 and a U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res 
20, 3252), Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Hairpin ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 
Uhlenbeck, 1989, Methods Enzymol. 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
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groups, for example, 2'-amino, 2"-C-allyl, 2'-flouro, 2-o-methyl, 2'-H (for a 
review see Usman and Cedergren, 1992 TIBS 17, 34). Ribozymes are 
purified by gel electrophoresis using general methods or are purified by 
high pressure liquid chromatography and are resuspended in water. 

5 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 32, 34, 36, 37 and 38. Those in the art will 
recognize that these sequences are representative only of many more such 
sequences where the enzymatic portion of the ribozyme (all but the binding 
arms) is altered to affect activity. For example, stem-loop II sequence of 

1 0 hammerhead ribozymes listed in Tables 32 and 34(5'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion,' and/or insertion) to contain any 
sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 37 and 38 (5'-CACGUUGUG-3') can be altered (substitution, 

1 5 deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can form. The sequences listed in Tables 
32, 34, 36, 37 and 38 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 By engineering ribozyme motifs we have designed several ribozymes 

directed against RSV encoded mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave target sequences in vitro is evaluated. 

Numerous, common cell lines can be infected with RSV for 
25 experimental purposes. These include HeLa, Vero and several primary 
epithelial cell lines. A cotton rat animal model of experimental human RSV 
infection is also available, and the bovine RSV is quite homologous to the 
human viruses. Rapid clinical diagnosis is through the use of kits designed 
. for the immunofluorescence staining of RSV-infected cells or an ELISA 
30 assay, both of which are adaptable for experimental study. RSV encoded 
mRNA levels will be assessed by Northern analysis, RNAse protection, 
primer extension analysis or quantitative RT-PCR. Ribozymes that block 
the induction of RSV activity and/or 1C, 1B and N protein encoding 
mRNAs by more than 90% will be identified. 
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Optimizing Ribozvme Activity 

Ribozyme activity can be optimized as described by Draper et al., PCT 
W093/23569. The details will not be repeated here, but include altering 
the length of the ribozyme binding arms or chemically synthesizing 
5 ribozymes with modifications that prevent their degradation by serum 
ribonucleases (see e.g., Eckstein et al., International Publication No. 
WO 92/07065; Perrault ef al., 1990 Nature 344, 565; Pieken et al., 1991 
Science 253, 314; Usman and Cedergren, 1992 Trends in Riochem. Sci. 
17, 334; Usman et al., International Publication No. WO 93/15187; and 

10 Rossi et al., International Publication No. WO 91/03162, as well as 
Jennings ef al., WO 94/13688, which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. All these publications are hereby incorporated by reference 
herein.), modifications which enhance their efficacy in cells, and removal of 

15 stem II bases to shorten RNA synthesis times and reduce chemical 
requirements. 

Sullivan, et al., PCT WO94/02595, incorporated by reference herein, 
describes the general methods for delivery of enzymatic RNA molecules . 
Ribozymes may be administered to cells by a variety of methods known to 

20 those familiar to the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other vehicles, such 
as hydrogels, cyclodextrins, biodegradable nanocapsules, and 
bioadhesive microspheres. The RNA/vehicfe combination is locally 
delivered by direct injection or by use of a catheter, infusion pump or stent. 

25 Alternative routes of delivery include, but are not limited to, intravenous 
injection, intramuscular injection, subcutaneous injection, aerosol 
inhalation, oral (tablet or pill form), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of ribozyme delivery 
and administration are provided in Sullivan, et al., supra and Draper, et al., 

30 supra which have been incorporated by reference herein. 

Another means of accumulating high concentrations of a ribozyme(s) 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven 
from a promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II 
35 (pol II), or RNA polymerase III (pol III). Transcripts from pol II or pol III 
promoters will be expressed at high levels in all cells; the levels of a given 
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pol II promoter in a given cell type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters are also used, providing that the 
prokaryotic RNA polymerase enzyme is expressed in the appropriate cells 
5 (Elroy-Stein and Moss, 1990 Proc. Natl. Acad Sri 1 1 § a ,, *7 t r7a^ 7 . Gao 
and Huang 1993 Nucleic Acids Res.. 21, 2867-72; Lieber et al., 1993 
Methods Enzymol., 217, 47-66; Zhou et al., 1990 Mol. Cell. Bin! 10, 4529- 
37). Several investigators have demonstrated that ribozymes expressed 
from such promoters can function in mammalian cells (e.g. Kashani-Sabet 

10 etal., 1992 Antisense Res. Drv 2, 3-15; Ojwang etal., 1992 Proc. Natl. 
Acad, Scj, U $ A, 89, 10802-6; Chen et al., 1992 Nucleic Acids Bgs 20, 
4581-9; Yu et al., 1993 Proc. Natl. Acad. Sci. USA 90, 6340-4; L'Huillier 
et al., 1992 EMBO J, 11, 4411-8; Lisziewicz et al., 1993 Proc. Natl. Acari 
SsL U- S. A., 90, 8000-4). The above ribozyme transcription units can be 

1 5 incorporated into a variety of vectors for introduction into mammalian cells, 
including but not restricted to, plasmid DNA vectors, viral DNA vectors 
(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral, or alpha virus vectors). 

In a preferred embodiment of the invention, a transcription unit 
20 expressing a ribozyme that cleaves target RNA Is inserted into a plasmid 
DNA vector, a retrovirus DNA viral vector, an adenovirus DNA viral vector 
or an adeno-associated virus vector or alpha virus vector. These and other 
vectors have been used to transfer genes to live animals (for a review see 
Friedman, 1989 Science 244, 1275-1281; Roemer and Friedman, 1992 
25 Eur. 4, Biochem t 208, 211-225) and leads to transient or stable gene 
expression. The vectors are delivered as recombinant viral particles. DNA 
may be delivered alone or complexed with vehicles (as described for RNA 
above). The DNA, DNA/vehicle complexes, or the recombinant virus 
particles are locally administered to the site of treatment, e.g., through the 
30 use of a catheter, stent or infusion pump. 

Diaonostic uses 

Ribozymes of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. The close 
relationship between ribozyme activity and the structure of the target RNA 
35 allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA. By 
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nucleotide changes which are important to RNA structure and function in 
vitro, as well as in cells and tissues. Cleavage of target RNAs with 
ribozymes may be used to inhibit gene expression and define the role 
5 (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators 
of the disease. These experiments will lead to better treatment of the 
disease progression by affording the possibility of combinational therapies 
(e.g., multiple ribozymes targeted to different genes, ribozymes coupled 

10 with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). 
Other in vjtro uses of ribozymes of this invention are well known in the art, 
and include detection of the presence of mRNA associated with ICAM-1, 
relA, TNF-cc, p210, bcr-abl or RSV related condition. Such RNA is detected 

1 5 by determining the presence of a cleavage product after treatment with a 
ribozyme using standard methodology. 

In a specific example, ribozymes which can cleave only wild-type or 
mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second 

20 ribozyme will be used to identify mutant RNA in the sample. As reaction 
controls, synthetic substrates of both wild-type and mutant RNA will be 
cleaved by both ribozymes to demonstrate the relative ribozyme 
efficiencies in the reactions and the absence of cleavage of the "non- 
targeted" RNA species. The cleavage products from the synthetic 

25 substrates will also serve to generate size markers for the analysis of wild- 
type and mutant RNAs in the sample population. Thus each analysis will 
require two ribozymes, two substrates and one unknown sample which will 
be combined into six reactions. The presence of cleavage products will be 
determined using an RNAse protection assay so that full-length and 

30 cleavage fragments of each RNA can be analyzed in one lane of a 
polyacrylamide gel. It is not absolutely required to quantify the results to 
gain insight into the expression of mutant RNAs and putative risk of the 
desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype 

35 (i.e., ICAM-1, rel A, TNF«, P 2lobcr-abl or RSV) is adequate to establish 
risk. If probes of comparable specific activity are used for both transcripts, 
then a qualitative comparison of RNA levels will be adequate and will 
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decrease the cost of the initial diagnosis. Higher mutant form to wild-type 
ratios will be correlated with higher risk whether RNA levels are compared 
qualitatively or quantitatively. 

!L Chemical Synthesis Of Ribozy mes 

5 There follows the chemical synthesis, deprotection, and purification of 

RNA, enzymatic RNA or modified RNA molecules in greater than milligram 
quantities with high biological activity. Applicant has determined that the 
synthesis of enzymatically active RNA in high yield and quantity is 
dependent upon certain critical steps used during its preparation. 

10 Specifically, it is important that the RNA phosphoramidites are coupled 
efficiently in terms of both yield and time, that correct exocyclic amino 
protecting groups be used, that the appropriate conditions for the removal 
of the exocyclic amino protecting groups and the alkylsilyl protecting 
groups on the 2'-hydroxyl are used, and that the correct work-up and 

1 5 purification procedure of the resulting ribozyme be used. 

To obtain a correct synthesis in terms of yield and biological activity of 
a large RNA molecule (i.e., about 30 to 40 nucleotide bases), the protection 
of the amino functions of the bases requires either amide or substituted 
amide protecting groups, which must be, on the one hand, stable enough 
20 to survive the conditions of synthesis, and on the other hand, removable at 
the end of the synthesis. These requirements are met by the amide 
protecting groups shown in Figure 8, in particular, benzoyl for adenosine, 
isobutyryl or benzoyl for cytidine, and isobutyryl for guanosine, which may 
be removed at the end of the synthesis by incubating the RNA in NH3/EtOH 
25 (ethanolic ammonia) for 20 h at 65 °C. in the case of the phenoxyacetyl 
type protecting groups shown in Figure 8 on guanosine and adenosine 
and acetyl protecting groups on cytidine, an incubation in ethanolic 
ammonia for 4 h at 65 °C is used to obtain complete removal of these 
protecting groups. Removal of the alkylsilyl 2 , -hydroxyl protecting groups 
can be accomplished using a tetrahydrofuran solution of TBAF at room 
temperature for 8-24 h. 

The most quantitative procedure for recovering the fully deprotected 
RNA molecule is by either ethanol precipitation, or an anion exchange 
cartridge desalting, as described In Scaringe et al. Nucleic Acids Res 
1990, 18, 5433-5341. The purification of the long RNA sequences may be 
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accomplished by a two-step chromatographic procedure in which the 
molecule is first purified on a reverse phase column with either the trityl 
group at the 5' position on or off. This purification is accomplished using an 
acetonitrile gradient with triethylammonium or bicarbonate salts as the 
5 aqueous phase. In the case of the trityl on purification, the trityl group may 
be removed by the addition of an acid and drying of the partially purified 
RNA molecule. The final purification is carried out on an anion exchange 
column, using alkali metal perchlorate salt gradients to elute the fully 
purified RNA molecule as the appropriate metal salts, e.g. Na+, Li + etc. A 
10 final de-salting step on a small reverse-phase cartridge completes the 
purification procedure. Applicant has found that such a procedure not only 
fails to adversely affect activity of a ribozyme, but may improve its activity to 
cleave target RNA molecules. 

Applicant has also determined that significant (see Tables 39-4 -n 
15 improvements in the yield of desired full length product (FLP) can be 
obtained by: 

1. Using 5-S-alkyltetrazole at a delivered or effective 
concentration of 0.25-0.5 M or 0.15-0.35 M for the activation of the RNA (or 
analogue) amidite during the coupling step. (By delivered is meant that the 

20 actual amount of chemical in the reaction mix is known. This is possible for 
large scale synthesis since the reaction vessel is of size sufficient to allow 
such manipulations. The term effective means that available amount of 
chemical actually provided to the reaction mixture that is able to react with 
the other reagents present in the mixture. Those skilled in the art will 

25 recognize the meaning of these terms from the examples provided herein.) 
The time for this step is shortened from 10-15 m, vide supra, to 5-10 m. 
Alkyl, as used herein, refers to a saturated aliphatic hydrocarbon, including 
straight-chain, branched-chain, and cyclic alkyl groups. Preferably, the 
alkyl group has 1 to 12 carbons. More preferably it is a lower alkyl of from 1 

30 to 7 carbons, more preferably 1 to 4 carbons. The alkyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 ) 2 , amino, or SH. 
The term also includes alkenyl groups which are unsaturated hydrocarbon 
groups containing at least one carbon-carbon double bond, including 

35 straight-chain, branched-chain, and cyclic groups. Preferably, the alkenyl 
group has 1 to 12 carbons. More preferably it is a lower alkenyl of from 1 to 
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7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 , halogen, N(CH 3 ) 2 , 
amino, or SH. The term "alkyl" also includes alkynyl groups which have an 
5 unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain, branched-chain, and cyclic groups. 
Preferably, the alkynyl group has 1 to 12 carbons. More preferably it is a 
lower alkynyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The 
alkynyl group may be substituted or unsubstituted. When substituted the 
1 0 substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, N0 2 or 
N(CH 3 ) 2 , amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 
aromatic group which has at least one ring having a conjugated jt electron 

15 system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 
alkyl group (as described above) covalently joined to an aryl group (as 

20 described above. Carbocyclic aryl groups are groups wherein the ring 
atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 

25 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

30 2. Using 5-S-alkyHetrazole at an effective, or final, concentration 

of 0.1-0.35 M for the activation of the RNA (or analogue) amidite during the 
coupling step. The time for this step is shortened from 10-15 m, vide supra, 
to 5-10 m. 



3. Using alkylamine (MA, where alkyl is preferably methyl, ethyl, 
propyl or butyl) or NhijOH/alkylamine (AMA, with the same preferred alkyl 
groups as noted for MA) @ 65 °C for 10-15 m to remove the exocyclic 
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amino protecting groups (vs 4-20 h @ 55-65 °C using NH 4 OH/EtOH or 
NH3/EtOH, vide supra). Other alkylamines, e.g. ethylamine, propylamine, 
butylamine etc. may also be used. 

4. Using anhydrous triethylamine«hydrogen fluoride (aHF»TEA) 
5 @ 65 °C for 0.5-1.5 h to remove the 2'-hydroxyl alkylsilyl protecting group 

(vs 8 - 24 h using TBAF, vide supra or TEA*3HF for 24 h (Gasparutto et al. 
Nucleic Acids Res. 1992, 20, 5159-5166). Other alkylamine»HF 
complexes may also be used, e.g. trimethylamine or diisopropylethylamine. 

5. The use of anion-exchange resins to purify and/or analyze the 
10 fully deprotected RNA. These resins include, but are not limited to, 

quartenary or tertiary amino derivatized stationary phases such as silica or 
polystyrene. Specific examples include Dionex-NAIOO® Mono-Q®, Poros- 

Q®. 

Thus, the invention features an improved method for the coupling of 
1 5 RNA phosphoramidites; for the removal of amide or substituted amide 
protecting groups; and for the removal of 2*-hydroxyl alkylsilyl protecting 
groups. Such methods enhance the production of RNA or analogs of the 
type described above {e.g., with substituted 2'-groups), and allow efficient 
synthesis of large amounts of such RNA. Such RNA may also have 
20 enzymatic activity and be purified without loss of that activity. While specific 
examples are given herein, those in the art will recognize that equivalent 
chemical reactions can be performed with the alternative chemicals noted 
above, which can be optimized and selected by routine experimentation. 

In another aspect, the invention features an improved method for the 
25 purification or analysis of RNA or enzymatic RNA molecules (e.g. 28-70 
nucleotides in length) by passing said RNA or enzymatic RNA molecule 
over an HPLC, e.g., reverse phase and/or an anion exchange 
chromatography column. The method of purification improves the catalytic 
activity of enzymatic RNAs over the gel purification method (see Figure 10). 

30 Draper et al., PCT W093/23569, incorporated by reference herein, 

disclosed reverse phase HPLC purification. The purification of long RNA 
molecules may be accomplished using anion exchange chromatography, 
particularly in conjunction with alkali perchlorate salts. This system may be 
used to purify very long RNA molecules. In particular, It is advantageous to 
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use a Dionex NucleoPak 100® or a Pharmacia Mono Q® anion exchange 
column for the purification of RNA by the anion exchange method. This 
anion exchange purification may be used following a reverse-phase 
purification or prior to reverse phase purification. This method results in the 
5 formation of a sodium salt of the ribozyme during the chromatography. 
Replacement of the sodium alkali earth salt by other metal salts, e.g., 
lithium, magnesium or calcium perchlorate, yields the corresponding salt of 
the RNA molecule during the purification. 

In the case of the 2-step purification procedure, in which the first step 
is a reverse phase purification followed by an anion exchange step, the 
reverse phase purification is best accomplished using polymeric, e.g. 
polystyrene based, reverse-phase media, using either a 5Mrityl-on or 5- 
trityl-off method. Either molecule may be recovered using this reverse- 
phase method, and then, once detritylated, the two fractions may be pooled 
and then submitted to an anion exchange purification step as described 
above. 

The method includes passing the enzymatically active RNA 
molecule over a reverse phase HPLC column; the enzymatically active 
RNA molecule is produced in a synthetic chemical method and not by an 
20 enzymatic process; and the enzymatic RNA molecule is partially blocked, 
and the partially blocked enzymatically active RNA molecule is passed 
over a reverse phase HPLC column to separate it from other RNA 
molecules. 

In more preferred embodiments, the enzymatically active RNA 
25 molecule, after passage over the reverse phase HPLC column, is 
deprotected and passed over a second reverse phase HPLC column 
(which may be the same as the reverse phase HPLC column), to remove 
the enzymatic RNA molecule from other components. In addition, the 
column is a silica or organic polymer-based C4, C8 or C18 column having 
30 a porosity of at least 125 A, preferably 300 A, and a particle size of at least 
2 jim, preferably 5 \im. 

Activation 

The synthesis of RNA molecules may be accomplished chemically or 
enzymatically. In the case of chemical synthesis the use of tetrazole as an 
35 activator of RNA phosphoramidites is known (Usman et a/. J. Am. Chem. 
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Soc. 1987, 109, 7845-7854). In this, and subsequent reports, a 0.5 M 
solution of tetrazole is allowed to react with the RNA phosphoramidite and 
couple with the polymer bound 5'-hydroxyl group for 10 m. Applicant has 
determined that using 0.25-0.5 M solutions of 5-S-alkyltetrazoles for only 5 
5 min gives equivalent or better results. The following exemplifies the 
procedure. 

Example 7; Synthesis of RNA and Rih ozvmes Usino 5-S-Alky ltfttrayni oe 
as Activating Anent 

The method of synthesis used follows the general procedure for RNA 
10 synthesis as described in Usman et al., 1987si/pra and in Scaringe et al., 
Nucleic Acids Res. 1990, 18, 5433-5441 and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 
5*-end, and phosphoramidites at the 3'-end. The major difference used 
was the activating agent, 5-S-ethyl or -methyltetrazole @ 0.25 M 
1 5 concentration for 5 min. 

All small scale syntheses were conducted on a 394 (ABI) synthesizer 
using a modified 2.5 pmol scale protocol with a reduced 5 min coupling 
step for alkylsilyl protected RNA and 2.5 m coupling step for 2*-0- 
methylated RNA. A 6.5-fold excess (162.5 ul of 0.1 Mm 32.5 umol) of 

20 phosphoramidite and a 40-fold excess of S-ethyl tetrazole (400 ul of 0.25 
M = 100 ^mol) relative to polymer-bound 5'-hydroxyl was used in each 
coupling cycle. Average coupling yields on the 394, determined by 
colorimetric quantitation of the trityl fractions, was 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394: Detritylation solution was 

25 2% TCA in methylene chloride; capping was performed with 16% A/^Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l 2 , 49 mM pyridine, 9% water in THF.' 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 

30 the solid obtained from Applied Biosystems. 

All large scale syntheses were conducted on a modified (eight amidite 
port capacity) 390Z (ABI) synthesizer using a 25 umol scale protocol with a 
5-15 min coupling step for alkylsilyl protected RNA and 7.5 m coupling step 
for 2'-0-methylated RNA. A six-fold excess (1.5 mL of 0.1 M = 150 umol) of 
35 phosphoramidite and a forty-five-fold excess of S-ethyl tetrazole (4.5 mL of 
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0.25 M = 1125 jimol) relative to polymer-bound 5-hydroxyl was used in 
each coupling cycle. Average coupling yields on the 390Z, determined by 
colorimetric quantitation of the trityl fractions, was 95.0-96.7%. 
Oligonucleotide synthesis reagents for the 390Z: Detritylation solution was 
5 2% DCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l 2 . 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25-0.5 M In acetonitrile) was made up 
1 0 from the solid obtained from Applied Biosystems. 

Deprotection 

The first step of the deprotection of RNA molecules may be 
accomplished by removal of the exocyclic amino protecting groups with 
either NH 4 OH/EtOH:3/1 (Usman etal. J. Am. Chem. Soc. 1987, 109, 7845- 
15 7854) or NH3/EtOH (Scaringe et al. Nucleic Acids Res. 1990, 18, 5433- 
5341) for -20 h @ 55-65 °C. Applicant has determined that the use of 
methylamine or NH 4 OH/methylamine for 10-15 min @ 55-65 °C gives 
equivalent or better results. The following exemplifies the procedure. 

Example 8: RNA and Rjbozyme Deprotection of Fy o cvclic Amino 
20 Protecting Groups Using Methylamine (MA) nr NHj OH/Methvlaminft ( AMA) 

The polymer-bound oligonucleotide, either trityl-on or off, was 
suspended in a solution of methylamine (MA) or NH 4 OH/methylamine 
(AMA) @ 55-65 °C for 5-15 min to remove the exocyclic amino protecting 
groups. The polymer-bound oligoribonucleotide was transferred from the 

25 synthesis column to a 4 mL glass screw top vial. NH4OH and aqueous 
methylamine were pre-mixed in equal volumes. 4 mL of the resulting 
reagent was added to the vial, equilibrated for 5 m at RT and then heated at 
55 or 65 °C for 5-15 min. After cooling to -20 °C, the supernatant was 
removed from the polymer support. The support was washed with 1.0 mL 

30 of EtOH:MeCN:H 2 0/3:1 :1 , vortexed and the supernatant was then added to 
the first supernatant. The combined supernatants, containing the 
oligoribonucleotide, were dried to a white powder. The same procedure 
was followed for the aqueous methylamine reagent. 

Table 40 is a summary of the results obtained using the improvements 
35 outlined in this application for base deprotection. 
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The second step of the deprotection of RNA molecules may be 
accomplished by removal of the 2'-hydroxyl alkylsilyl protecting group 
using TBAF for 8-24 h (Usman era/. J. Am. Chem. Soc. 1987, 109, 7845- 
7854). Applicant has determined that the use of anhydrous TEA»HF in N- 
5 methylpyrrolidine (NMP) for 0.5-1 .5 h @ 55-65 °C gives equivalent or better 
results. The following exemplifies this procedure. 

Example 9: RNA and Ribozv me Deprotection of 2'-Hvdroxvl Alkykilyl 
Protecting Groups Usino Anhydrous TFA»HF 

To remove the alkylsilyl protecting groups, the ammonia-deprotected 
1 0 oligoribonucleotide was resuspended in 250 uL of 1.4 M anhydrous HF 
solution (1.5 mL W-methylpyrrolidine, 750 uL TEA and 1.0 mL TEA»3HF) 
and heated to 65 °C for 1 .5 h. 9 mL of 50 mM TEAB was added to quench 
the reaction. The resulting solution was loaded onto a Qiagen 500® anion 
exchange cartridge (Qiagen Inc.) prewashed with 10 mL of 50 mM TEAB. 
1 5 After washing the cartridge with 1 0 mL of 50 mM TEAB, the RNA was eluted 
with 10 mL of 2 M TEAB and dried down to a white powder. 

Table 41 is a summary of the results obtained using the improvements 
outlined in this application for alkylsilyl deprotection. 

Example 10: HPLC Purification. Anion Exchange column 

20 For a small scale synthesis, the crude material was diluted to 5 mL 

with diethylpyrocarbonate treated water. The sample was Injected onto 
either a Pharmacia Mono Q® 16/10 or Dionex NucleoPac® column with 
100% buffer A (10 mM NaCI0 4 ). A gradient from 180-210 mM NaCI0 4 at a 
rate of 0.85 mM/void volume for a Pharmacia Mono Q® anion-exchange 

25 column or 100-150 mM NaCI0 4 at a rate of 1.7 mM/void volume for a 
Dionex NucleoPac® anlon-exchange column was used to elute the RNA. 
Fractions were analyzed by a HP-1090 HPLC with a Dionex NucleoPac® 
column. Fractions containing full length product at £80% by peak area 
were pooled. 

30 For a trityl-off large scale synthesis, the crude material was desalted 

by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 
column. The column was thoroughly washed with 10 mM sodium 
perchlorate buffer. The oligonucleotide was eluted from the column with 
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300 mM sodium perchlorate. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material in the synthesis. 
The eluent was diluted four fold in sterile H2O to lower the salt 
concentration and applied to a Pharmacia Mono Q® 16/10 column. A 
5 gradient from 10-185 mM sodium perchlorate was run over 4 column 
volumes to elute shorter sequences, the full length product was then eluted 
in a gradient from 185-214 mM sodium perchlorate in 30 column volumes. 
The fractions of Interest were analyzed on a HP-1090 HPLC with a Dionex 
NucleoPac® column. Fractions containing over 85% full length material 
10 were pooled. The pool was applied to a Pharmacia RPC® column for 
desalting. 

For a trityl-on large scale synthesis, the crude material was desalted 
by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 

1 5 column. The column was thoroughly washed with 20 mM NH4CO3H/1 0% 
CH3CN buffer. The oligonucleotide was eluted from the column with 1.5 M 
NH 4 CO 3 H/10% acetonitrile. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material present in the 
synthesis. The oligonucleotide was then applied to a Pharmacia Resource 

20 RPC column. A gradient from 20-55% B (20 mM NH 4 C0 3 H/25% CH3CN, 
buffer A = 20 mM NH 4 CO 3 H/10% CH3CN) was run over 35 column 
volumes. The fractions of interest were analyzed on a HP-1090 HPLC with 
a Dionex NucleoPac® column. Fractions containing over 60% full length 
material were pooled. The pooled fractions were then submitted to manual 

25 detritylation with 80% acetic acid, dried down immediately, resuspended in 
sterile H 2 0, dried down and resuspended in H 2 0 again. This material was 
analyzed on a HP 1090-HPLC with a Dionex NucleoPac® column. The 
material was purified by anion exchange chromatography as in the trityl-off 
•scheme (vide supra). 

30 Example 1 1 Ribozvme Activity Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5*- 
end labeled ribozymes (~36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 jiM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
35 concentrations were - 1 nM. Total reaction volumes were 50 uL. The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCI 2 . Reactions were 
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initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
uL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each aliquot 
was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
5 performed using a phosphorimager (Molecular Dynamics). 

Example 12: One pot deprotection of RNA 

Applicant has shown that aqueous methyl amine is an efficient 
reagent to deprotect bases in an RNA molecule. However, in a time 
consuming step (2-24 hrs), the RNA sample needs to be dried completely 

10 prior to the deprotection of the sugar 2-hydroxyl groups. Additionally, 
deprotection of RNA synthesized on a large scale (e.g., 100 nmol) 
becomes challenging since the volume of solid support used is quite large. 
In an attempt to minimize the time required for deprotection and to simplify 
the process of deprotection of RNA synthesized on a large scale, applicant 

15 describes a one pot deprotection protocol (Fig. 12). According to this 
protocol, anhydrous methylamine is used in place of aqueous methyl 
amine. Base deprotection is carried out at 65 °C for 15 min and the 
reaction is allowed to cool for 10 min. Deprotection of 2'-hydroxyl groups is 
then carried out in the same container for 90 min in a TEA»3HF reagent. 

20 The reaction is quenched with 16 mM TEAB solution. 

Referring to Fia. 13. hammerhead ribozyme targeted to site B is 
synthesized using RNA phosphoramadite chemistry and deprotected using 
either a two pot or a one pot protocol. Profiles of these ribozymes on an 
HPLC column are compared. The figure shows that RNAs deprotected by 
25 either the one pot or the two pot protocols yield similar full-length product 
profiles. Applicant has shown that using a one pot deprotection protocol, 
time required for RNA deprotection can be reduced considerably without 
compromising the quality or the yield of full length RNA. 

Referring to Fig. 14, hammerhead ribozymes targeted to site B (from 
30 Fig, 13) are tested for their ability to cleave RNA. As shown in the figure 14. 
ribozymes that are deprotected using one pot protocol have catalytic 
activity comparable to ribozymes that are deprotected using a two pot 
protocol. 
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Example 12a*.lmDroved protocol for t he synthesis of phosphorothioate 
containing RNA and rihn Tvmes using 5-S-Alkvltetrazoles as Activating 
Agent 

The two sulfurizing reagents that have been used to synthesize 
5 ribophosphorothioates are tetraethylthiuram disulfide (TETD; Vu and 
Hirschbein, 1991 Tetrahedron Letter 31, 3005), and 3H-1 ,2-benzodithiol-3- 
one 1,1 -dioxide (Beaucage reagent; Vu and Hirschbein, 1991 supra). 
TETD requires long sulfurization times (600 seconds for DNA and 3600 
seconds for RNA). It has recently been shown that for sulfurization of DNA 
10 oligonucleotides, Beaucage reagent Is more efficient than TETD 
(Wyrzykiewicz and Ravikumar, 1994 Bioorganlc Med. Chem. 4, 1519). 
Beaucage reagent has also been used to synthesize phosphorothioate 
oligonucleotides containing 2'-deoxy-2'-fluoro modifications wherein the 
wait time is 10 min (Kawasaki et al., 1992 J. Med. Chem). 

15 The method of synthesis used follows the procedure for RNA 
synthesis as described herein and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the 5'-end, and 
phosphoramidites at the 3'-end. The sulfurization step for RNA described 
in the literature is a 8 second delivery and 10 min wait steps (Beaucage 

20 and Iyer, 1991 Tetrahedron 49, 6123). These conditions produced about 
95% sulfurization as measured by HPLC analysis (Morvan et al., 1990 
Tetrahedron Letter31, 7149). This 5% contaminating oxidation could arise 
from the presence of oxygen dissolved in solvents and/or slow release of 
traces of iodine adsorbed on the inner surface of delivery lines during 

25 previous synthesis. 

A major improvement is the use of an activating agent, S-S- 
ethyltetrazole or 5-S-methyltetrazole at a concentration of 0.25 M for 5 min 
Additionally, for those linkages which are phosporothioate, the iodine 
solution is replaced with a 0.05 M solution of 3H-1,2-benzodithiole-3-one 
1.1-dioxide (Beaucage reagent) in acetonitrile. The delivery time for the 
sulfurization step is reduced to 5 seconds and the wait time is reduced to 
300 seconds. 



30 



35 



RNA synthesis is conducted on a 394. (ABI) synthesizer using a 
mod.f.ed 2.5 nmol scale protocol with a reduced 5 min coupling step for 
alkylsilyl protected RNA and 2.5 min coupling step for 2-O-methylated 
RNA. A 6.5-fold excess (162.5 uL of 0.1 M = 32.5 pmoQ of phosphoramidite 
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and a 40-fold excess of S~ethyl tetrazole (400 ul of 0.25 M = 100 pmol) 
relative to polymer-bound 5'-hydroxyl was used in each coupling cycle. 
Average coupling yields on the 394 synthesizer, determined by colorimetric 
quantitation of the trityl fractions, was 97.5-99%. Other oligonucleotide 
5 synthesis reagents for the 394 synthesizer: detritylation solution was 2% 
TCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l 2 , 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
1 0 bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 
the solid obtained from Applied Biosystems. Sulfurizing reagent was 
obtained from Glen Research. 

Average sulfurization efficiency (ASE) is determined using the 
formula: ASE = (PS/Total)1/n-1 

1 5 where, PS = integrated 31 p NMR values of the P=S diester 

Total = integration value of all peaks 

n = length of oligo 

Referring to tables 42 and 43, effects of varying the delivery and the 
wait time for sulfurization with Beaucage's reagent is described. These 
20 data suggest that 5 second wait time and 300 second delivery time is the 
condition under which ASE is maximum. 

Using the above conditions a 36 mer hammerhead ribozyme is 
synthesized which is targeted to site C. The ribozyme is synthesized to 
contain phosphorothioate linkages at four positions towards the 5' end. 
25 RNA cleavage activity of this ribozyme is shown in Fig. 16 . Activity of the 
phosphorothioate ribozyme is comparable to the activity of a ribozyme 
lacking any phosphorothioate linkages. 

Example 13: protocol for the synthesis of 2'-NI-p ht a |imid 0 -nuclPn R iHp 
phosphoramiditfi 

30 The 2'-amino group of a 2'-deoxy-2'-amino nucleoside is normally 

protected with N-(9-flourenylmethoxycarbonyl) (Fmoc; Imazawa and 
Eckstein, 1979 suprai Pieken et al., 1991 Science 253, 314). This 
protecting group is not stable in CH 3 CN solution or even in dry form during 
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prolonged storage at -20 °C. These problems need to be overcome in 
order to achieve large scale synthesis of RNA. 

Applicant describes the use of alternative protecting groups for the 2'- 
amino group of 2'-deoxy-2'-amino nucleoside. Referring to Figure 17. 
5 phosphoramidite 17 was synthesized starting from 2'-deoxy-2'- 
aminonucleoside (12) using transient protection with Markevich reagent 
(Markiewicz J. Chem. Res. 1979. S, 24). An intermediate 13 was obtained 
in 50% yield, however subsequent introduction of N-phtaloyl (Pht) group by 
Nefken's method (Nefkens, 1960 Nature 185, 306), desilylation (15), 
10 dimethoxytrytilation (16) and phosphitylation led to phosphoramidite 17. 
Since overall yield of this multi-step procedure was low (20%) applicant 
investigated some alternative approaches, concentrating on selective 
introduction of N-phtaloyl group without acylation of 5' and 3' hydroxyls. 

When 2 '-deoxy-2'-amino-nucleoside was reacted with 1 .05 
15 equivalents of Nefkens reagent in DMF overnight with subsequent 
treatment with Et3N (1 hour) only 10-15% of N and 5'(3>bis-phtaloyl 
derivatives were formed with the major component being N-Pht-derivative 
15. The N.O-bis by-products could be selectively and quantitively 
converted to N-Pht derivative 15 by treatment of crude reaction mixture 
20 with cat. KCN/MeOH. 

A convenient "one-pot" procedure for the synthesis of key 
intermediate 16 involves selective N-phthaloylation with subsequent 
dimethoxytrytilation by DMTCI/Et3N and resulting in the preparation of DMT 
derivative 16 in 85% overall yield as follows. Standard phosphytilation of 

25 16 produced phosphoramidite 17 in 87% yield. One gram of 2'-amino 
nucleoside, for example 2'-amino uridine (US Biochemicals® part # 
77140) was co-evaporated twice from dry dimethyl formamide (Dmf) and 
dried iovacuojDvernight. 50 mis of Aldrich sure-seal Dmf was added to the 
dry 2-amino uridine via syringe and the mixture was stirred for 10 minutes 

30 to produce a clear solution. 1.0 grams (1.05 eq.) of N- 
carbethoxyphthalimide (Nefken's reagent, 98% Jannsen Chimica) was 
added and the solution was stirred overnight.. Thin layer chromatography 
(TLC) showed 90% conversion to a faster moving products (10% ETOH in 
CHCI3) and 57 ul of TEA (0.1 eq.) was added to effect closure of the 

35 phthalimide ring. After 1 hour an additional 855 ul (1 .5 eq.) of TEA was 
added followed by the addition of 1.53 grams (1.1 eq.) of DMT-CI 
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(Lancaster Synthesis®, 98%). The reaction mixture was left to stir 
overnight and quenched with ETOH after TLC showed greater than 90% 
desired product. Dmf was removed under vacuum and the mixture was 
washed with sodium bicarbonate solution (5% aq., 500 mis) and extracted 
5 with ethyl acetate (2x 200 mis). A 25mm x 300mm flash column (75 grams 
Merck flash silica) was used for purification. Compound eiuted at 80 to 
85% ethyl acetate in hexanes (yield: 80% purity: >95% by 1 HNMR). 
Phosphoramidites were then prepared using standard protocols described, 
above. 

10 With phosphoramidite 17 in hand applicant synthesized several 

ribozymes with 2'-deoxy-2'-amino modifications. Analysis of the synthesis 
demonstrated coupling efficiency in 97-98% range. RNA cleavage activity 
of ribozymes containing 2'-deoxy-2'-amino-U modifications at U4 and/or 
U7 positions (see Figure 1), wherein the 2'-amino positions were either 

15 protected with Fmoc or Pht, was identical. Additionally, complete 
deprotection of 2'-deoxy-2'-amino-Urldine was confirmed by base- 
composition analysis. The coupling efficiency of phosphoramidite 17 was 
not effected over prolonged storage (1-2 months) at low temperatures. 

Protecting 2' Position with a SEM firnnp 

20 There follows a method using the 2'-(trimethylsilyl)ethoxymethyl 

protecting group (SEM) in the synthesis of oligoribonucleotides, and in 
particular those enzymatic molecules described above. For the synthesis 
of RNA it is important that the 2'-hydroxyl protecting group be stable 
throughout the various steps of the synthesis and base deprotection. At the 

25 same time, this group should also be readily removed when desired. To 
that end the f-butyldimethylsilyl group has been efficacious (Usman.N.; 
Ogilvie,K.K.; Jiang,M.-Y.; Cedergren.RJ. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and Scaringe.S.A.; Franklyn.C.; Usman.N. Nucl. Acids Res. 
1990, 18, 5433-5441). However, long exposure times to tetra-n- 

30 butyiammonium fluoride (TBAF) are generally required to fully remove this 
protecting group from the 2'-hydroxyl. In addition, the bulky alkyl 
substituents can prove to be a hindrance to coupling thereby necessitating 
longer coupling times. Finally, it has been shown that the TBDMS group is 
base labile and is partially deprotected during treatment with ethanolic 

35 ammonia (Scaringe.SA; Franklyn.C; Usman.N. Nucl. Acids Res. 1990, 
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18, 5433-5441 and Stawinski.J.; Stromberg.R.; Thelin.M.; Westman.E. 
Nucleic Acids Res. 1988, 16, 9285-9298). 

The (trimethylsilyl)ethoxymethyl ether (SEM) seems a suitable 
substitute. This protecting group is stable to base and all but the harshest 
5 acidic conditions. Therefore it is stable under the conditions required for 
oligonucleotide synthesis. It can be readily introduced and the oxygen 
carbon bond makes it unable to migrate. Finally, the SEM group can be 
removed with BF3»OEt2 very quickly. 

There follows a method for synthesis of RNA by protecting the 2'- 
10 position of a nucleotide during RNA synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. The method can involve use of 
standard RNA synthesis conditions as discussed below, or any other 
equivalent steps. Those in the art are familiar with such steps. The 
nucleotide used can be any normal nucleotide or may be substituted in 
15 various positions by methods well known in the art, e.g., as described by 
Eckstein et a/., International Publication No. WO 92/07065, Perrault et ai, 
Nature 1990, 344, 565-568, Pieken era/., Science 1991, 253, 314-317, 
Usman.N.; Cedergren.R.J. Trends in Biochem. Sci. 1992, 17, 334-339, 
Usman et al., PCT W093/15187, and Sproat,B. European Patent 
20 Application 92110298.4 . 

This invention also features a method for covalently linking a SEM 
group to the 2-position of a nucleotide. The method involves contacting a 
nucleoside with an SEM-containing molecule under SEM bonding 
conditions. In a preferred embodiment, the conditions are dibutyltin oxide, 
25 tetrabutylammonium fluoride and SEM-CI. Those in the art, however, will 
recognize that other equivalent conditions can also be used. 

In another aspect, the invention features a method for removal of an 
SEM group from a nucleoside molecule or an oligonucleotide. The method 
involves contacting the molecule or oligonucleotide with boron trifluoride 
30 etherate (BF 3 »OEt 2 ) under SEM removing conditions, e.g., in aceton'rtrile. 

Referring to Figure 18, there is shown the method for solid phase 
synthesis of RNA. A 2',5'-protected nucleotide is contacted with a solid 
phase bound nucleotide under RNA synthesis conditions to form a 
dinucleotide. The protecting group (R) at the 2'-position in prior art 
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methods can be a silyl ether, as shown in the Figure. In the method of the 
present invention, an SEM group is used in place of the silyl ether. 
Otherwise RNA synthesis can be performed by standard methodology. 

Referring to Figure 19 . there is shown the synthesis of 2'-0-SEM 
5 protected nucleosides and phosphoramadites. Briefly, a 5'-protected 
nucleoside (1) is protected at the 2'- or 3'-position by contacting with a 
derivative of SEM under appropriate conditions. Specifically, those 
conditions include contacting the nucleoside with dibutyltin oxide and SEM 
chloride. The 2 regioisomers are separated by chromatography and the 2'- 
10 protected moiety is converted into a phosphoramidite by standard 
procedure. The 3-protected nucleoside is converted into a succinate 
derivative suitable for derivatization of a solid support. 

Referring to Figure 20, a prior art method for deprotection of RNA using silyl 
ethers is shown. This contrasts with the method shown in Figure 21 in 

1 5 which deprotection of RNA containing an SEM group is performed. In step 
1 , the base protecting groups and cyanoethyl groups are removed by 
standard procedure. The SEM group is then removed as shown in the 
Figure. The details of the synthesis of phosphoramidites and SEM 
protected nucleosides and their use in synthesis of oligonucleotides and 

20 subsequent deprotection of 

Example 14: Synthesis of 2 '-Orftrimethvlsilvnelhnxymethvn-fi'-n- Pi- 
methoxvtritvl Uridine (2) 

Referring to Figure 19, 5'-0-dimethoxytrityl uridine 1 (1.0 g, 1.83 
mmol) in CH 3 CN (18 mL) was added dibutyltin oxide (1.0 g, 4.03 mmol) 

25 and TBAF (1 M, 2.38 mL, 2.38 mmol). The mixture was stirred for 2 h at RT 
(about 20-25°C) at which time (trimethylsilyl)ethoxymethyl chloride (SEM- 
Cl) (487 ul, 2.75 mmol) was added. The reaction mixture was stirred 
overnight and then filtered and evaporated. Flash chromatography (30% 
hexanes in ethyl acetate) yielded 347 mg (28.0%) of 2'-hydroxyl protected 

30 nucleoside 2 and 314 mg (25.3%) of 3'-hydroxyl protected nucleoside 3. 

Example 15: Synthesis of 2 , .Q.f(trimethvlsilvn ethoxvmftthyl) Uridine (d\ 
Nucleoside 2 was detritylated following standard methods, as shown 
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Example 16: Synthesis of 2'-0-rftrimethvkil vnethoxvmethvn-fi' y.n^ArPtyf 
Uridine (5) 

Nucleoside 4 was acetylated following standard methods, as shown 
in Figure 19 . 

5 Example 17: Synthesis of 5'.3'-Q-Acetvl Uridine (fi\ 

Referring to Figure 19, the fully protected uridine 5 (32 mg, 0.07 
mmol) was dissolved in CH 3 CN (700 ul) and BF 3 «OEt 2 (17.5 ul_! 0.14 
mmol) was added. The reaction was stirred 15 m and MeOH was added to 
quench the reaction. Flash chromatography (5% MeOH in CH 2 CI 2 ) gave 
10 20 mg (88%) of SEM deprotected nucleoside 6. 

Example 18: Synthesis of g'-n-^t rimethvlsilyl^thoxvmefhyh-a'.o. 
Succinvl-5'-Q. Dimethoxyt ritvl Uridine m 

Nucleoside 3 was succinylated and coupled to the support following 
standard procedures, as shown in Figure 19. y 

15 Example 19: Synthesis of 2^0-mrimeth vlsilvlWhny V methvn-S , .n. ni. 

methoXVtritvl Uridine 3'-f2-CvannBt hvl Al/y-.riiisn p ropylnhnsp hnramiHrtn) 

m 

Nucleoside 3 was phosphitylated following standard methods, as 
shown in Figure 19 . 

20 Example 20: Synthesis of RNI A Usinn P'-n.fiEM Protection 

Referring to Figure 18, the method of synthesis used follows the 
general procedure for RNA synthesis as described in Usman.N.; 
Ogilvie,K.K.; Jiang,M.-Y.; Cedergren.R.j. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe.SA; Franklyn.C.; Usman.N. Nucl. Acids Res. 

25 1990, 18, 5433-5441. The phosphoramidite 8 was coupled following 
standard RNA methods to provide a 10-mer of uridylic acid. Syntheses 
were conducted on a 394 (ABI) synthesizer using a modified 2.5 umol 
scale protocol with a 10 m coupling step. A thirteen-fold excess (325 uL of 
0.1 M = 32.5 umol) of phosphoramidite and a 80-fold excess of tetrazole 

30 (400 uL of 0.5 M = 200 uniol) relative to polymer-bound 5'-hydroxyl was 
used in each coupling cycle. Average coupling yields on the 394, 
determined by colorimetric quantitation of the trityl fractions, were 98-99%' 
Other oligonucleotide synthesis reagents for the 394: Detritylation solution 
was 2% TCA in methylene chloride; capping was performed with 16% N- 
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Methyl imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in 
THF; oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. 

5 Referring to Figure 21 . the homopolymer was base deprotected with 

NH3/EtOH at 65 °C. The solution was decanted and the support was 
washed twice with a solution of 1:1:1 H20:CH3CN:MeOH. The combined 
solutions were dried down and then diluted with CH3CN (1 mL). BF3»OEt2 
(2.5 pL, 30 ^imol) was added to the solution and aliquots were removed at 
1 0 ten time points. The results indicate that after 30 min deprotection is 
complete, as shown in Figure 22. 

HI. Vectors Expressing Ribozymes 

There follows a method for expression of a ribozyme in a bacterial or 
eucaryotic cell, and for production of large amounts of such a ribozyme. In 

1 5 general, the invention features a method for preparing multi-copy cassettes 
encoding a defined ribozyme structure for production of a ribozyme at a 
decreased cost. A vector is produced which encodes a plurality of 
ribozymes which are cleaved at their 3' and 5* ends from an RNA transcript 
producted from the vector by only one other ribozyme. The system is useful 

20 for scaling up production of a ribozyme, which may be either modified or 
unmodified, in situ or in vitro. Such vector systems can be used to express 
a desired ribozyme in a specific cell, or can be used in an in vitro system to 
allow productiuon of large amounts of a desired riboqyne, The vectors of 
this invention allow a higher yield synthesis of a ribozyme in the form of an 

25 RNA transcript which is cleaved in situ or in vitro before or after transcript 
isolation. 

Thus, this invention is distinct from the prior art in that a single 
ribozyme is used to process the 3' and 5' ends of each therapeutic, trans- 
acting or desired ribozyme instead of processing only one end, or only one 
30 ribozyme. This allows smaller vectors to be derived with multiple trans- 
acting ribozymes released by only one other ribozyme from the mRNA 
transcript. Applicant has also provided methods by which the activity of 
such ribozymes is increased compared to those in the art, by designing 
ribozyme-encoding vectors and the corresponding transcript such that 
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folding of the mRNA does not interfere with processing by the releasing 
ribozyme. 

The stability of the ribozyme produced in this method can be 
enhanced by provision of sequences at the termini of the ribozymes as 
5 described by Draper et al., PCT WO 93/23509, hereby incorporated by 
reference herein. 

The method of this invention is advantageous since it provides high 
yield synthesis of ribozymes by use of low cost transcription-based 
protocols, compared to existing chemical ribozyme synthesis, and can use 
10 isolation techniques currently used to purify chemically synthesized 
oligonucleotides. Thus, the method allows synthesis of ribozymes in high 
yield at low cost for analytical, diagnostic, or therapeutic applications. 

The method is also useful for synthesis of ribozymes in vitro for 
ribozyme structural studies, enzymatic studies, target RNA accessibility 
15 studies, transcription inhibition studies and nuclease protection studies, 
much is described by Draper et al., PCT WO 93/23509 hereby incorporated 
by reference herein. 

The method can also be used to produce ribozymes in situ either to 
increase the intracellular concentration of a desired therapeutic ribozyme, 
20 or to produce a concatameric transcript for subsequent in vitro isolation of 
unit length ribozyme. The desired ribozyme can be used to inhibit gene 
expression in molecular genetic analyses or in infectious cell systems, and 
to test the efficacy of a therapeutic molecule or treat afflicted cells. 

Thus, in general, the invention features a vector which includes a 
25 bacterial, viral or eucaryotic promoter within a plasmid, cosmid, phagmid, 
virus, viroid, virusoid or phage vector. Other vectors are equally suitable 
and include double-stranded, or partially double-stranded DNA, formed by 
an amplification method such as the polymerase chain reaction, or double- 
stranded, partially double-stranded or single-stranded RNA, formed by site- 
30 directed homologous recombination into viral or viroid RNA genomes. 
Such vectors need not be circular. Transcriptionally linked to the promoter 
region is a first ribozyme-encoding region, and nucleotide sequences 
encoding a ribozyme cleavage sequence which is placed on either side of 
a region encoding a therapeutic or otherwise desired second ribozyme. 
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Suitable restriction endonuclease sites can be provided to ease 
construction of this vector in DNA vectors or in requisite DNA vectors of an 
RNA expression system. The desired second ribozyme may be any 
desired type of ribozyme, such as a hammerhead, hairpin , hepatitis delta 
5 virus (HDV) or other catalytic center, and can include group I and group II 
introns, as discussed above. The first ribozyme is chosen to cleave the 
encoded cleavage sequence, and may also be any desired ribozyme, for 
example, a Tetrahymena derived ribozyme, which may, for example, 
include an imbedded restriction endonuclease site in the center of a self- 
1 0 recognition sequence to aid in vector construction. This endonuclease site 
is useful for construction of the vector, and subsequent analysis of the 
vector. 

When the promoter of such a vector is activated an RNA transcript is 
produced which includes the first and second ribozyme sequences. The 
1 5 first ribozyme sequence is able to act, under appropriate conditions, to 
cause cleavage at the cleavage sites to release the second ribozyme 
sequences. These second ribozyme sequences can then act at their target 
RNA sites, or can be isolated for later use or analysis. 

Thus, in one aspect the invention features a vector which includes a 
20 first nucleic acid sequence (encoding a first ribozyme having 
intramolecular cleaving activity), and a second nucleic acid sequence 
(encoding a second ribozyme having intermolecular cleaving enzymatic 
activity) flanked by nucleic acid sequences encoding RNA which is cleaved 
by the first ribozyme to release the second ribozyme from the RNA 
25 transcript encoded by the vector. The second ribozyme may be flanked by 
the first ribozyme either on the 5' side or 3 1 side. If desired, the first 
ribozyme may be encoded on a separate vector and may have 
intermolecular cleaving activity. 

As discussed above, the first ribozyme can be chosen to be any self- 
30 cleaving ribozyme, and the second ribozyme may be chosen to be any 
desired ribozyme. The flanking sequences are chosen to include 
sequences recognized by the first ribozyme. When the vector is caused to 
express RNA from these nucleic acid sequences, that RNA has the ability 
under appropriate conditions to cleave each of the flanking regions and 
35 thereby release one or more copies of the second ribozyme. If desired, 
several different second ribozymes can be produced by the same vector, or 
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several different vectors can be placed in the same vessel or cell to 
produce different ribozymes. 

In preferred embodiments, the vector includes a plurality of the nucleic 
acid sequences encoding the second ribozyme, each flanked by nucleic 
5 acid sequences recognized by the first ribozyme. Most preferably, such a 
plurality includes at least six to nine or even between 60- 100 nucleic acid 
sequences. In other preferred embodiments, the vector includes a 
promoter which regulates expression of the nucleic acid encoding the 
ribozymes from the vector; and the vector is chosen from a plasmid, 

10 cosmid, phagmid, virus, viroid or phage. In a most preferred embodiment, 
the plurality of nucleic acid sequences are identical and are arranged in 
sequential order such that each has an identical end nearest to the 
promoter. If desired, a poly(A) sequence adjacent to the sequence 
encoding the first or second ribozyme may be provided to increase stability 

15 of the RNA produced by the vector; and a restriction endonuclease site 
adjacent to the nucleic acid encoding the first ribozyme is provided to allow 
insertion of nucleic acid encoding the second ribozyme during construction 
of the vector. 

In a second aspect, the invention features a method for formation of a 
20 ribozyme expression vector by providing a vector including nucleic acid 
encoding a first ribozyme, as discussed above, and providing a single- 
stranded DNA encoding a second ribozyme, as discussed above. The 
single-stranded DNA is then allowed to anneal to form a partial duplex 
DNA which can be filled in by a treatment with an appropriate enzyme, 
25 such as a DNA polymerase in the presence of dNTPs, to form a duplex 
DNA which can then be ligated to the vector. Large vectors resulting from 
this method can then be selected to insure that a high copy number of the 
single-stranded DNA encoding the second ribozyme is incorporated into 
the vector. 

30 In a further aspect, the invention features a method for production of 

ribozymes by providing a vector as described above, expressing RNA from 
that vector, and allowing cleavage by the first ribozyme to release the 
second ribozyme. 

In preferred embodiments, three different ribozyme motifs are used as 
35 cis-cleaving ribozymes. The hammerhead, hairpin, and hepatitis delta 
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virus (HDV) ribozyme motifs consist of small, well-defined sequences that 
rapidly self-cleave in vitro (Symons, 1992 Annu. Rev. Biochem 61, 641). 
While structural and functional differences exist among the three ribozyme 
motifs, they self-process efficiently in vivo. All three ribozyme motifs self- 
5 process to 87-95% completion in the absence of 3' flanking sequences, in 
vitro, the self-processing constructs described in this invention are 
significantly more active than those reported by Taira et al M 1990 supra : 
and Altschuler et al.. 1992 Gene 122, 85. The present invention enables 
the use of cis-cleaving ribozymes to efficiently truncate RNA molecules at 
10 specific sites in vivo by ensuring lack of secondary structure which 
prevents processing. 

Isolation of Therapeutic Ribozvme 

The preferred method of isolating therapeutic ribozyme is by a 
chromatographic technique. The HPLC purification methods and reverse 

1 5 HPLC purification methods described by Draper et al., PCT WO 93/23509, 
hereby incorporated by reference herein, can be used. Alternatively, the 
attachment of complementary oligonucleotides to cellulose or other 
chromatography columns allows isolation of the therapeutic second 
ribozyme, for example, by hybridization to the region between the flanking 

20 arms and the enzymatic RNA. This hybridization will select against the 
short flanking sequences without the desired enzymatic RNA, and against 
the releasing first ribozyme. The hybridization can be accomplished in the 
presence of a chaotropic agent to prevent nuclease degradation. The 
oligonucleotides on the matrix can be modified to minimize nuclease 

25 activity, for example, by provision of 2;-0-methyl RNA oligonucleotides. 
Such modifications of the oligonucleotide attached to the column matrix will 
allow the multiple use of the column with minimal oligo degradation. Many 
such modifications are known in the art, but a chemically stable non- 
reducible modification is preferred. For example, phosphorothioate 

30 modifications can also be used. 

The expressed ribozyme RNA can be isolated from bacterial or 
eucaryotic cells by routine procedures such as . lysis followed by guanidine 
isothiocyanate isolation. 

The current known self-cleaving site of Tetrahymena can be used in 
35 an alternative vector of this invention. If desired, the full-length 
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Tetrahymena sequence may be used, or a shorter sequence may be used. 
It is preferred that, in order to decrease the superfluous sequences in the 
self-cleaving site at the 5' cleavage end, the hairpin normally present in the 
Tetrahymena ribozyme should contain the therapeutic second ribozyme 3' 
5 sequence and its complement. That is, the first releasing ribozyme- 
encoding DNA is provided in two portions, separated by DNA encoding the 
desired second ribozyme. For example, if the therapeutic second ribozyme 
recognition sequence is CGGACGA/CGAGGA, then CGAGGA is provided 
in the self-cleaving site loop such that it is in a stem structure recognized by 
1 0 the Tetrahymena ribozyme. The loop of the stem may include a restriction 
endonuclease site into which the desired second ribozyme-encoding DNA 
is placed. 

If desired, the vector may be used in a therapeutic protocol by use of 
the systems described by Lechner, PCT WO 92/13070, hereby 

15 incorporated by reference herein, to allow a timed expression of the 
therapeutic second ribozyme, as well as an appropriate shut off of cell or 
gene function. Thus, the vector will include a promoter which appropriately 
expresses enzymatically active RNA only in the presence of an RNA or 
another molecule which indicates the presence of an undesired organism 

20 or state. Such enzymatically active RNA will then kill or harm the cell in 
which it exists, as described by Lechner, id., or act to cause reduced 
expression of a desired protein product. 

A number of suitable RNA vectors may also be used in this invention. 
The vectors include plant viroids, plant viruses which contain single or 
25 double-stranded RNA genomes and animal viruses which contain RNA 
genomes, such as the picornaviruses, myxoviruses, paramyxoviruses, 
hepatitis A virus, reovirus and retroviruses. In many instances cited, use of 
these viral vectors also results in tissue specific delivery of the ribozymes. 

Example 21: Pesiqn of self-processino cassettes 

30 In a preferred embodiment, applicant compared the in vitro and in 

vivo cis-cleaving activity of three different ribozyme motifs-the 
hammerhead, the hairpin and the hepatitis delta virus ribozyme-in order to 
assess their potential to process the ends of transcripts in vivo. To make a 
direct comparison among the three, however, it is important to design the 

35 ribozyme-containing transcripts to be as similar as possible. To this end, 
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all the ribozyme cassettes contained the same trans-acting hammerhead 
ribozyme followed immediately by one of the three cis-acting ribozymes 
(Figure 23-25). For simplicity, applicant refers to each cassette by an 
abbreviation that indicates the downstream cis-cleaving ribozyme only. 
5 Thus HH refers to the cis-cleaving cassette containing a hammerhead 
ribozyme, while HP and HDV refer to the cassettes containing hairpin and 
hepatitis delta virus cis-cleaving ribozymes, respectively. The general 
design of the ribozyme cassettes, as well as specific differences among the 
cassettes, are outlined below. 

A sequence predicted to form a stable stem-loop structure is included 
at the 5' end of all the transcripts. The hairpin stem contains the T7 RNA 
polymerase initiation sequence (Milligan & Uhlenbeck, 1989 Methods 
Enzymol. 180, 51) and its complement, separated be a stable tetra-loop 
(Antao et al., 1991 Nucleic Acids Res. 19, 5901). By incorporating the T7 
initiation sequence into a stem-loop structure, applicant hoped to avoid 
nonproductive base pairing interactions with either the trans-acting 
ribozyme or with the cis-acting ribozyme. The presence of a hairpin at the 
end of a transcript may also contribute to the stability of the transcript in 
vivo. These are non-limiting examples. Those in the art will recognize that 
other embodiments can be readily generated using a variety of promoters, 
initiator sequences and stem-loop structure combinations generally known 
in the art. 

The trans-acting ribozyme used in this study is targeted to a site B 
(5 -CUGGAGUfiJ'GACCUUC-3'). The 5' binding arm of the ribozyme, 5'- 
25 GAAGGUC-3', and the core . of the ribozyme, 5'- 
CUGAUGAGGCCGAAAGGCCGAA-3', remain constant in all cases. In 
addition, all transcripts also contain a single nucleotide between the 5' 
stem-loop and the first nucleotide of the ribozyme. The linker nucleotide 
was required to obtain the same activity in vitro that was measured with an 
30 identical ribozyme lacking the 5' hairpin. Because the three cis-cleaving 
ribozymes have different requirements at the site of cleavage, slight 
differences were unavoidable at the 3' end of the processed transcript. The 
junction between the trans- and cis-acting ribozyme is, however, designed 
so that there is minimal extraneous sequence left at the 3' end of the trans- 
35 cleaving ribozyme once cis-cleavage occurs. The only differences 
between the constructs lie in the 3' binding arm of the ribozyme, where 
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either 6 or 7 nucleotides, S-ACUCCAf+AG)-^, complementary to the target 
sequence are present and where, after processing, two to five extra 
nucleotides remain. 

The cis-cleaving hammerhead ribozyme used in the HH cassette is 
5 based on the design of Grosshans and Cech, 1991 supra . As shown in 
Figure 23, the 3' binding arm of the trans-acting ribozyme is included in the 
required base-pairing interactions of the cis-cleaving ribozyme to form stem 
I. Two extra nucleotides, UC, were included at the end of the 3' binding 
arm to form the self-processing hammerhead ribozyme site (Ruffner et al., 
10 1990 supra) which remain on the 3' end of the trans-acting ribozyme 
following self-processing. 

The hairpin ribozyme portion of the HP self-processing construct is 
based on the minimal wild-type sequence (Hampel & Tritz, 1989 supra) . A 
tetra-loop at the end of helix 1 (3' side of the cleavage site) serves to link 

1 5 the two portions and thus allows a minimal five nucleotides to remain at the 
end of the released trans-acting ribozyme following self-processing. Two 
variants of HP were designed: HP(GU) and HP(GC). The HP(GU) was 
constructed with a G-U wobble base pair in helix 2 (A52G substitution; 
Figure 24). This slight destabilization of helix 2 was intended to improve 

20 self-processing activity by promoting product release and preventing the 
reverse reaction (Berzal-Herranz et al., 1992 Genes & Dev. 6, 129; 
Chowrira et al., 1993 B jpchemistry 32, 1088). The HP(GC) cassette was 
constructed as a control for strong base-pairing interactions in helix 2 
(U77C and A52G substitution; Figure 24) . Another modification to 

25 discourage the reverse ligation reaction of the hairpin ribozyme was to 
shorten helix 1 (Figure 24) by one base pair relative to the wild-type 
sequence (Chowrira & Burke, 1991 Biochemistry 30, 8518). 

The HDV ribozyme self-processes efficiently when the nucleotide 5' to 
the cleavage site is a pyrimidine, and somewhat less so when adenosine is 

30 in that position. No other sequence requirements have been identified 
upstream of the cleavage site, however, we have observed some decrease 
in activity when a stem-loop structure was present within 2 nt of the 
cleavage site. The HDV self-processing construct (Fig 25) was designed to 
generate the trans-acting hammerhead ribozyme with only two additional 

35 nucleotides at its 3* end after self-processing. The HDV sequence used 
here is based on the anti-genomic sequence (Perrota & Been, 1992 supra) 
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but includes the modifications of Been et aI M 1992 ( Biochemistry 31, 
11843) in which cis-cieavage activity of the ribozyme was improved by the 
substitution of a shortened helix 4 for a wild-type stem-loop (Figure 25 ). 

To prepare DNA inserts that encode self-processing ribozyme 
5 cassettes, partially overlapping top- and bottom-strand oligonucleotides 
(60-90 nucleotides) were designed to include sequences for the T7 
promoter, the trans-acting ribozyme, the cis-cieaving ribozyme and 
appropriate restriction sites for use in cloning (see Fig. 26) . The single- 
strand portions of annealed oligonucfeotides were converted to double- 
1 0 strands using Sequenase® (U.S. Biochemicats). Insert DNA was ligated 
into Ecoflf/tf/ndlll-digested pud 8 and transformed into E. coli strain DHSoc 
using standard protocols (Maniatis et al M 1982 in Molecular Cloning Cold 
Spring Harbor Press). The identity of positive clones was confirmed by 
sequencing small-scale plasmid preparations. 

15 Larger scale preparations of plasmid DNA for use as in vitro 

transcription templates and in transactions were prepared using the 
protocol and columns from QIAGEN Inc. (Studio City, CA) except that an 
additional ethanol precipitation was included as the final step. 

Example 22: RNA Processing in vitro 

20 Transcription reactions containing linear plasmid templates were 

carried out essentially as described (Milligan & Uhlenbeck, 1989 Supra : 
Chowrira & Burke, 1991 gupr^) . In order to prepare 5* end-labeled 
transcripts, standard transcription reactions were carried out in the 
presence of 10-20 ^Ci [y- 32 P]GTP, 200 each NTP and 0.5 to 1 \ig of 

25 linearized plasmid template. The concentration of MgCl2 was maintained 
at 10 mM above the total nucleotide concentration. 

To compare the ability of the different ribozyme cassettes to self- 
process in vitro, each construct was transcribed and allowed to undergo 
self-processing under identical conditions at 37°C. For these comparisons, 

30 equal amounts of linearized DNA templates bearing the various ribozyme 
cassettes were transcribed in the presence of fr 32 P]GTP to generate 5' 
end-labeled transcripts. In this manner only the full-length, unprocessed 
transcripts and the released trans-ribozymes are visualized by 
autoradiography. In all reactions, Mg2+ was included at 10 mM above the 

35 nucleotide concentration so that cleavage by all the ribozyme cassettes 
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would be supported. Transcription templates were linearized at several 
positions by digestion with different restriction enzymes so that self- 
processing in the presence of increasing lengths of downstream sequence 
could be compared (see Ha. 261 . The resulting transcripts have either 4-5 
5 non-ribozyme nucleotides at the 3' end (H/ndlll-digested template), 220 
nucleotides (A/del digested templates) or 454 nucleotides of downstream 
sequence (Real digested template). 

As shown in Fioure 27 . all four ribozyme cassettes are capable of self- 
processing and yield RNA products of expected sizes. Two nucleotides 
essential for hammerhead ribozyme activity (Ruffner et al., 1990 supra ) 
have been changed in the HH(mutant) core sequence (see Figure 23) and 
so this transcript is unable to undergo self-processing (Fig. 27) . This is 
evidenced by the lack of a released 5' RNA in the HH(mutant), although the 
full-length RNAs are present . Comparison of the amounts of released 
trans-ribozyme (Fio. 271 indicate that there are differences in the ability of 
these ribozymes to self-process in vitro, especially with respect to the 
presence of downstream sequence. For the two HP constructs, it is clear 
that HP(GC) is more efficient than the HP(GU) ribozyme, both in the 
presence and in the absence of extra downstream sequence. In addition, 
the activity of HP(GU) falls off more dramatically when downstream 
sequence is present. The stronger G:C base pair likely contributes to the 
HP(GC) constructs ability to fold correctly (and/or more quickly) into the 
productive structure, even when as much as 216 extra nucleotides are 
present downstream. The HH ribozyme construct is also quite efficient at 
self-processing, and slightly better than the HP(GU) construct even when 
downstream sequence is present. 

Of the three ribozyme motifs, the presence of extra downstream 
sequence seems to most affect the efficiency of HDV. When no extra 
sequence is present downstream, HDV is quite efficient and self-processes 
30 to approximately the same level as the HH and HP(GC) cassettes. 
However, when extra downstream sequence is present, the self-processing 
activity seems to decrease almost as dramatically as is seen with the (sub- 
optimal) HP(GU) cassette. 
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Example 23: Kinetics of self "processing reaction 

H/ndlll-digested template (250 ng) was used in a standard 
transcription reaction mixture containing: 50 mM TrisHCI pH 8.3; 1 mM 
ATP, GTP and UTP; 50 ^M CTP; 40 \lC\ [a- 32 P]CTP; 12 mM MgCl2; 10 mM 
5 DTT. The transcription/self-processing reaction was initiated by the 
addition of T7 RNA polymerase (15 U/jxl). Aliquots of 5 \i\ were taken at 
regular time intervals and the reaction was stopped by adding an equal 
volume of 2x formamide loading buffer (95% formamide, 1 5 mM EDTA, & 
dyes) and freezing on dry ice. The samples were resolved on a 10% 
10 polyacrylamide sequencing gel and results were quantitated by 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA). Ribozyme self- 
cleavage rates were determined from non-linear, least-squares fits 
(KaleidaGraph, Synergy Software.Reeding, PA) of the data to the equation: 

(Fraction Uncleaved Transcript) = ^ (l-e"^) 

15 where t represents time and k represents the unimolecular rate 

constant for cleavage (Long & Uhlenbeck, 1994 Proc. Natl. Acad. Sci. USA 
91, 6977). 

Linear templates were prepared by digesting the plasmids with H/ndlll 
so that transcripts will contain only four to five vector-derived nucleotides at 

20 the 3' end (see Figure 23-25). By comparison of the unimolecular rate 
constant (k) determined for each construct, it is clear that HH is the most 
efficient at self-processing (Table 44) . The HH transcript self-processes 2- 
fold faster than HDV and 3-fold faster than HP(GC) transcripts. Although 
the HP(GU) RNA undergoes self-processing, it is at least 6-fold slower than 

25 the HP(GC) construct. This is consistent with previous observations that 
the stability of helix 2 is essential for self-processing and trans-cleavage 
activity of the hairpin ribozyme (Hampel et al., 1990 supra : Chowrira & 
Burke, 1991 supra). The rate of HH self-cleavage during transcription 
measured here (1.2 min" 1 ) is similar to the rate measured by Long and 

30 Uhlenbeck 1994 supra using a HH that has a different stem I and stem III. 
Self-processing rates during transcription for HP and HDV have not been 
previously reported. However, self-processing of the HDV ribozyme-as 
measured here during transcription-is significantly slower than when 
tested after isolation from a denaturing gel (Been et al., 1992 supra) . This 

35 decrease likely reflects the difference in protocol as well as the presence of 
5 1 flanking sequence in the HDV construct used here. 
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Example 24: Effect of down stream sequences on trans-cleavaae in vitro 

Transcripts containing the trans ribozyme with or without 3' flanking 
sequences were assayed for their ability to cleave their target in trans. To 
this end, transcripts from three templates were resolved on a preparative 
5 gel and bands corresponding both to processed trans-acting ribozymes 
from the HH transcription reaction, and to full-length HH(mutant) and AHDV 
transcripts were isolated. In all three transcripts the trans-acting ribozyme 
portion is identical-with the exception of sequences at their 3' ends. The 
HH trans-acting ribozyme contains only an additional UC at its 3' end, 
10 while HH(mutant) and AHDV have 52 and 37 nucleotides, respectively, at 
their 3' ends. A 622 nucleotide, internally-labeled target RNA was 
incubated, under ribozyme excess conditions, along with the three 
ribozyme transcripts in a standard reaction buffer. 

To make internally-labeled substrate RNA for trans-ribozyme 
15 cleavage reactions, a 622 nt region (containing hammerhead site P) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
standard transcription buffer in the presence of [oc-32p]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
20 ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 u.l 
DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1u.M) and internally labeled 622 nt substrate 
25 RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM Tris-HCi pH 7.5 and 10 mM MgCfc) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 uJ were taken at regular time intervals, 
30 quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager® (Molecular Dynamics, Sunnyvale 
CA). 



35 



The HH trans-acting ribozyme cleaves the target RNA approximately 
10-fold faster than the AHDV transcript and greater than 20-fold faster than 
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the HH(mutant) transcript (Figure 28) . The additional nucleotides at the 
end of HH(mutant) form 7 base-pairs with the 3' target-binding arm of the 
trans-acting ribozyme (Figure 23) . This interaction must be disrupted (at a 
cost of 6 kcal/mole) to make the trans-acting ribozyme available for binding 
5 the target sequence. In contrast, the additional nucleotides at the end of 
AHDV were not designed to form any strong, alternative base-pairing with 
the trans-ribozyme. Nevertheless, the AHDV sequences are predicted to 
form multiple structures involving the 3' target-binding arm of the trans 
ribozyme that have stabilities ranging from 1-2 kcal/mole. Thus, the 
1 0 observed reductions in activity for the AHDV and HH(mutant) constructs are 
consistent with the predicted folded structures, and it reinforces the view 
that the flanking sequences can decrease the catalytic efficiency of a 
ribozyme through nonproductive interactions with either the ribozyme or 
the substrate or both. 

15 Example 25: RNA self-pro cessina in vivo 

Since three of the constructs (HH, HDV and HP(GC)) self-process 
efficiently in solution, the affect of the mammalian cellular milieu on 
ribozyme self-processing was next explored by applicant. A transient 
expression system was employed to investigate ribozyme activity in vivo. A 
20 mouse cell line (OST7-1) that constitutively expresses T7 RNA polymerase 
in the cytoplasm was chosen for this study (Eiroy-Stein and Moss, 1990 
Proc. Natl. Acad, $ci. USA 87, 6743). In these cells plasmids containing a 
ribozyme cassette downstream of the T7 promoter will be transcribed 
efficiently in the cytoplasm (Elroy-Stein & Moss, 1990 supra) . 

25 Monolayers of a mouse L9 fibroblast cell line (OST7-1; Elroy-Stein 

and Moss, 1990 supra) were grown in 6-well plates with - 5x1 05 cells/well. 
Cells were transfected with circular plasmids (5 u.g/well) using the calcium 
phosphate : DNA precipitation method (Maniatis et al., 1982 supra ). Cells 
were lysed (4 hours post-transfection) by the addition of standard lysis 

30 buffer (200 uJ/well) containing 4M guanadinium isothiocyanate, 25 mM 
sodium citrate (pH 7.0), 0.5% sarkosyl (Chomczynski and Sacchi, 1987 
Anal, Biochem, 162, 156), and 50 mM EDTA pH 8.0. The lysate was 
extracted once with water-saturated phenol followed by one extraction with 
chloroform:isoamyl alcohol (25:1). Total cellular RNA was precipitated with 

35 an equal volume of isopropanol. The RNA pellet was resuspended in 0.2 
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M ammonium acetate and reprecipitated with ethanol. The pellet was then 
washed with 70% ethanol and resuspended in DEPC-treated water. 

Purified cellular RNA (3 u.g/reaction) was first denatured in the 
presence of a 5' end-labeled DNA primer (100 pmol) by heating to 90°C for 
5 2 min. in the absence of Mg 2+ , and then snap-cooling on ice for at least 15 
min. This protocol allows for efficient annealing of the primer to its 
complementary RNA sequence. The primer was extended using 
Superscript II reverse transcriptase (8 U/ul; BRL) in a buffer containing 50 
mM Tris-HCI pH 8.3; 10 mM DTT; 75 mM KCI; 1 mM MgCfe; 1 mM each 

10 dNTP. The extension reaction was carried out at 42°C for 10 min. The 
reaction was terminated by adding an equal volume of 2x formamide gel 
loading buffer and freezing on crushed dry ice. The samples were 
resolved on a 10% polyacrylamide sequencing gel. The primer sequences 
are as follows: HH primer, S'-CTCCAGTTTCGAGCTTT-S'; HDV primer, 5'- 

15 AAGTAGCCCAGGTCGGACC-3'; HP primer, 5'- 
ACCAGGTAATATACCACAAC-3*. 

As shown in Figure 29. specific bands corresponding to full-length 
precursor RNA and 3* cleavage products were detected from cells 
transfected with the self-processing cassettes. All three constructs, in 
20 addition to being transcriptionally active, appear to self-process efficiently 
in the cytoplasm of OST7-1 cells. In particular, the HH and HP(GC) 
constructs self-process to greater than 95%. The overall extent of self- 
processing in OST7-1 cells appears to be strikingly similar to the extent of 
self-processing in vitro (Figure 29 "In Vitro +MgCl2" vs. "Cellular"). 

25 Consistent with the in vitro self-processing results, the HP(GU) 

cassette self-processed to approximately 50% in OST7-1 cells. As 
expected, transfection with plasmids containing the HH(mutant) cassette 
yielded a primer-extension product corresponding to the full-length RNA 
with no detectable cleavage products (Figure 29V The latter result strongly 

30 suggests that the primer extension band corresponding to the 3' cleavage 
product is not an artifact of reverse transcription. 

Applicant was concerned with the possibility that RNA self-processing 
might occur during cell lysis, RNA Isolation and /or the primer extension 
assay. Two precautions were taken to exclude this possibility. First, 50 mM 
35 EDTA was included in the lysis buffer. EDTA is a strong chelator of divalent 



WO 95/23225 



PCT/IB95/00156 



metal ions such as Mg2+ and Ca 2+ that are necessary for ribozyme 
activity. Divalent metal ions are therefore unavailable to self-processing 
RNAs following cell lysis. A second precaution involved using primers in 
the primer-extension assay that were designed to hybridize to essential 
5 regions of the processing ribozyme. Binding of these primers should 
prevent the 3* cis-acting ribozymes from folding into the conformation 
essential for catalytic activity. 

Two experiments were carried out to further eliminate the possibility 
that self-processing is occurring either during RNA preparations or during 

10 the primer extension analysis. The first experiment involves primer 
extension analysis on full-length precursor RNAs that were added to non- 
transfected OST7-1 lysates after cell lysis. Thus, only if self-processing is 
occurring at some point after lysis would cleavage products be detected. 
Full-length precursor RNAs were prepared by transcribing under conditions 

15 of low Mg 2 + (5 mM) and high NTP concentration (total 12 mM) in an 
attempt to eliminate the free Mg 2+ required for the self-processing reaction 
(Michel et at. 1992 Genes & Dev. 6, 1373). The full-length precursor RNAs 
were gel-purified, and a known amount was added to lysates of non- 
transfected OST7-1 cells. RNA was purified from these lysates and 

20 incubated for 1 hr in DEPC-treated water at 37° C prior to the standard 
primer extension analysis (Figure 29 . in vitro °-MgCl2" control). The 
predominant RNA detected in all cases corresponds to the primer 
extension product of full-length precursor RNAs, If, instead, the purified 
RNA containing the full-length precursor is incubated in 10 mM MgCfc prior 

25 to the primer extension analysis, most or all of the RNA detected by primer 
extension analysis undergoes cleavage (Figure 29 . in vitro "+MgCl2" 
control). These results indicate that the standard RNA isolation and primer 
extension protocols used here do not provide a favorable environment for 
RNA self-processing, even though the RNA in question is inherently able to 

30 undergo self-cleavage. 

In a second experiment to demonstrate lack of self-processing during 
work up, internally-labeled precursor RNAs were prepared and added to 
non-transfected OST7-1 lysates as in the previous control. The internally- 
labeled precursor RNAs were carried through the RNA purification and 
35 primer extension reactions (in the presence of unlabeled primers) and 
analyzed to determine the extent of self-processing. By this analysis, the 
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vast majority of the added full-iength RNA remained intact during the entire 
process of RNA isolation and primer extension. 

These two control experiments validate the protocols used and 
support applicant's conclusion that the self-processing reactions catalyzed 
5 by HH, HDV and HP(GC) cassettes are occurring in the cytoplasm of 
OST7-1 cells. 

Sequences in figures 23 through 25 are meant to be non-limiting 
examples. Those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the art. 

10 In addition, those in the art will recognize that Applicant provides 

guidance through the above examples as to how to best design vectors of 
this invention so that secondary structure of the mRNA allows efficient 
cleavage by releasing ribozymes. Thus, the specific constructs are not 
limiting in this invention. Such constructs can be readily tested as 

15 described above for such secondary structure, either by computer folding 
algorithms or empirically. Such constructs will then allow at least 80% 
completion of release of ribozymes, which can be readily determined as 
described above or by methods known in the art. That is, any such 
secondary structure in the RNA does not reduce release of the ribozymes 

20 by more than 20%. 

IV. Ribozvmes Expressed bv RNA Polymerase III 

Applicant has determined that the level of production of a foreign 
RNA, using a RNA polymerase III (pol III). based system, can be significantly 
enhanced by ensuring that the RNA is produced with the 5' terminus and a 
25 3' region of the RNA molecule base-paired together to form a stable 
intramolecular stem structure. This stem structure is formed by hydrogen 
bond interactions (either Watson-Crick or non-Watson-Crick) between 
nucleotides in the 3' region (at least 8 bases) and complementary 
nucleotides in the 5' terminus of the same RNA molecule. 

30 Although the example provided below involves a type 2 pol III gene 

unit, a number of other pol III promoter systems can also be used, for 
example, tRNA (Hall et al., 1982 Ce//29, 3-5), 5S RNA (Nielsen et al., 
1993, Nucleic Acids Res. 21, 3631-3636), adenovirus VA RNA (Fowlkes 
and Shenk, 1980 Ce//22, 405-413), U6 snRNA (Gupta and Reddy, 1990 
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Nucleic Acids Res. 19, 2073-2075), vault RNA (Kickoefer et al„ 1993 J. 
Biol. Chem. 268, 7868-7873), telomerase RNA (Romero and Blackburn, 
1991 Cell 67, 343-353), and others. 

The construct described in this invention is able to accumulate RNA to 
5 a significantly higher level than other constructs, even those in which 5' 
and 3" ends are involved in hairpin loops. Using such a construct the level 
of expression of a foreign RNA can be increased to between 20,000 and 
50,000 copies per cell. This makes such constructs, and the vectors 
encoding such constructs, excellent for use in decoy, therapeutic editing 

1 0 and antisense protocols as well as for ribozyme formation. In addition, the 
molecules can be used as agonist or antagonist RNAs (affinity RNAs). 
Generally, applicant believes that the intramolecular base-paired 
interaction between the 5' terminus and the 3' region of the RNA should be 
in a double-stranded structure in order to achieve enhanced RNA 

15 accumulation. 

Thus, in one preferred embodiment the invention features a pol III 
promoter system (e^, a type 2 system) used to synthesize a chimeric RNA 
molecule which includes tRNA sequences and a desired RNA (e.g. . a 
tRNA-based molecule). 

20 The following exemplifies this invention with a type 2 pol III promoter 

and a tRNA gene. Specifically to illustrate the broad invention, the RNA 
molecule in the following example has an A box and a B box of the type 2 
ppl III promoter system and has a 5' terminus or region able to base-pair 
with at least 8 bases of a complementary 3' end or region of the same RNA 

25 molecule. This is meant to be a specific example. Those in the art will 
recognize that this is but one example, and other embodiments can be 
readily generated using other pol III promoter systems and techniques 
generally known in the art. 

By "terminus" is meant the terminal bases of an RNA molecule, ending 
30 in a 3' hydroxyl or 5' phosphate or 5' cap moiety. By "region" is meant a 
stretch of bases 5' or 3' from the terminus that are involved in base-paired 
interactions. It need not be adjacent to the end of the RNA. Applicant has 
determined that base pairing of at least one end of the RNA molecule with 
a region not more than about 50 bases, and preferably only 20 bases, from 
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the other end of the molecule provides a useful molecule able to be 
expressed at high levels. 

By "3* region" is meant a stretch of bases 3' from the terminus that are 
involved in intramolecular bas-paired interaction with complementary 
5 nucleotides in the 5' terminus of the same molecule. The 3' region can be 
designed to include the 3' terminus. The 3' region therefore is k 0 
nucleotides from the 3' terminus. For example, in the S35 construct 
described in the present invention (Fia. AO) the 3' region is one nucleotide 
from the 3' terminus. In another example, the 3' region is ~ 43 nt from 3' 
10 terminus. These examples are not meant to be limiting. Those in the art 
will recognize that other embodiments can be readily generated using 
techniques generally known in the art. Generally, it is preferred to have the 
3' region within 100 bases of the 3' terminus. 

By "tRNA molecule" is meant a type 2 pol III driven RNA molecule that 
15 is generally derived from any recognized tRNA gene. Those in the art will 
recognize that DNA encoding such molecules is readily available and can 
be modified as desired to alter one or more bases within the DNA encoding 
the RNA molecule and/or the promoter system. Generally, but not always, 
such molecules include an A box and a B box that consist of sequences 
20 which are well known in the art (and examples of which can be found 
throughout the literature). These A and B boxes have a certain consensus 
sequence which is essential for a optimal pol III transcription. 

By "chimeric tRNA molecule" is meant a RNA molecule that includes a 
pol III promoter (type 2) region. A chimeric tRNA molecule, for example, 

25 might contain an intramolecular base-paired structure between the 3' 
region and complementary 5' terminus of the molecule, and includes a 
foreign RNA sequence at any location within the molecule which does not 
affect the activity of the type 2 pol III promoter boxes. Thus, such a foreign 
RNA may be provided at the 3' end of the B box, or may be provided in 

30 between the A and the B box, with the B box moved to an appropriate 
location either within the foreign RNA or another location such that it is 
effective to provide pol III transcription. In one example, the RNA molecule 
may include a hammerhead ribozyme with the B box of a type 2 pol III 
promoter provided in stem II of the ribozyme. In a second example, the B 

35 box may be provided in stem IV region of a hairpin ribozyme. A specific 
example of such RNA molecules is provided below. Those in the art will 
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recognize that this is but one example, and other embodiments can be 
readily generated using techniques generally known in the art. 

By "desired RNA" molecule is meant any foreign RNA molecule which 
is useful from a therapeutic, diagnostic, or other viewpoint. Such 
5 molecules include antisense RNA molecules, decoy RNA molecules, 
enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA. 

By "antisense RNA* is meant a non-enzymatic RNA molecule that 
binds to another RNA (target RNA) by means of RNA-RNA interactions and 
alters the activity of the target RNA (Eguchi et al., 1991 Annu. Rev. 

10 Biochem. 60, 631-652). By "enzymatic RNA" is meant an RNA molecule 
with enzymatic activity (Cech, 1988 J.American. Med. Assoc. 260, 3030- 
3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in close proximity to an enzymatic 

1 5 portion of the molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a target RNA 
through base-pairing, and once bound to the correct site, acts 
enzymatically to cut the target RNA. 

By "decoy RNA" is meant an RNA molecule that mimics the natural 
20 binding domain for a ligand. The decoy RNA therefore competes with 
natural binding target for the binding of a specific ligand. For example, it 
has been shown that over-expression of HIV trans-activation response 
(TAR) RNA can act as a "decoy" and efficiently binds HIV tat protein, 
thereby preventing it from binding to TAR sequences encoded in the HIV 
25 RNA (Sullenger et ah, 1990 Cell 63, 601-608). This is meant to be a 
specific example. Those in the art will recognize that this is but one 
example, and other embodiments can be readily generated using 
techniques generally known in the art. 

By "therapeutic editing RNA" is meant an antisense RNA that can bind 
30 to its cellular target (RNA or DNA) and mediate the modification of a 
specific base. 

By "agonist RNA" is meant an RNA molecule that can bind to protein 
receptors with high affinity and cause the stimulation of specific cellular 
pathways. 
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By "antagonist RNA" is meant an RNA molecule that can bind to 
cellular proteins and prevent it from performing its normal biological 
function (for example, see Tsai et al„ 1992 Proc. Natl. Acad. Sci. USA 89, 
8864-8868). 

5 In other aspects, the invention includes vectors encoding RNA 

molecules as described above, cells including such vectors, methods for 
producing the desired RNA, and use of the vectors and cells to produce this 
RNA. 

Thus, the invention features a transcribed non-naturally occuring RNA 
10 molecule which includes a desired therapeutic RNA portion and an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and complementary nucleotides at the 5' terminus in the RNA. The 
stem preferably includes at least 8 base pairs, but may have more, for 
example, 15 or 16 base pairs. 

15 In preferred embodiments, the 5* terminus of the chimeric tRNA 

includes a portion of the precursor molecule of the primary tRNA molecule, 
of which £ 8 nucleotides are involved in base-pairing interaction with the 3' 
region; the chimeric tRNA contains A and B boxes; natural sequences 3* of 
the B box are deleted, which prevents endogenous RNA processing; the 

20 desired RNA molecule is at the 3' end of the B box; the desired RNA 
molecule is between the A and the B box; the desired RNA molecule 
includes the B box; the desired RNA molecule is selected from the group 
consisting of antisense RNA, decoy RNA, therapeutic editing RNA, 
enzymatic RNA, agonist RNA and antagonist RNA; the molecule has an 

25 intramolecular stem resulting from a base-paired interaction between the 5' 
terminus of the RNA and a complementary 3' region within the same RNA, 
and includes at least 8 bases; and the 5' terminus is able to base pair with 
at least 15 bases of the 3' region. 

In most preferred embodiments, the molecule is transcribed by a RNA 
30 polymerase III based promoter system, e.g., a type 2 pol III promoter 
system; the molecule is a chimeric tRNA, and may have the A and B boxes 
of a type 2 pol III promoter separated by between 0 and 300 bases; DNA 
vector encoding the RNA molecule of claim 51 . 
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In other related aspects, the invention features an RNA or DNA vector 
encoding the above RNA molecule, with the portions of the vector encoding 
the RNA functioning as a RNA pol III promoter; or a cell containing the 
vector ; or a method to provide a desired RNA molecule in a cell, by 
5 introducing the molecule into a cell with an RNA molecule as described 
above. The cells can be derived from animals, plants or human beings. 

In order for RNA-based gene therapy approaches to be effective, 
sufficient amounts of the therapeutic RNA must accumulate in the 
appropriate intracellular compartment of the treated cells. Accumulation is 

10 a function of both promoter strength of the antiviral gene, and the 
intracellular stability of the antiviral RNA. Both RNA polymerase II (pol II) 
and RNA polymerase III (pol III) based expression systems have been used 
to produce therapeutic RNAs in cells (Sarver & Rossi, 1993 AIDS Res. & 
Human Retroviruses 9, 483-487; Yu et al., 1993 P.AM.S.(USA) 90, 6340- 

15 6344). However, pol III based expression cassettes are theoretically more 
attractive for use in expressing antiviral RNAs for the following reasons. 
Pol II produces messenger RNAs located exclusively in the cytoplasm, 
whereas pol III produces functional RNAs found in both the nucleus and the 
cytoplasm. Pol II promoters tend to be more tissue restricted, whereas pol 

20 III genes encode tRNAs and other functional RNAs necessary for basic 
"housekeeping" functions in all cell types. Therefore, pol III promoters are 
likely to be expressed in all tissue types. Finally, pol III transcripts from a 
given gene accumulate to much greater levels in cells relative to pol II 
genes. 

25 Intracellular accumulation of therapeutic RNAs is also dependent on 

the method of gene transfer used. For example, the retroviral vectors 
presently used to accomplish stable gene transfer, integrate randomly into 
the genome of target cells. This random integration leads to varied 
expression of the transferred gene in individual cells comprising the bulk 

30 treated cell population. Therefore, for maximum effectiveness, the 
transferred gene must have the capacity to express therapeutic amounts of 
the antiviral RNA in the entire treated cell population, regardless of the 
integration site. 
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Pol III System 

The following is just one non-limiting example of the invention. A pol 
III based genetic element derived from a human tRNAj^et gene and 
termed A3-5 (Fig. 33; Adeniyi-Jones et al., 1984 supra), has been adapted 
5 to express antiviral RNAs (Sullenger et al., 1990 Mol. Cell. Biol. 10, 6512- 
6523). This element was inserted into the DC retroviral vector (Sullenger 
et al., 1990 Mol. Cell. Biol. 10, 6512-6523) to accomplish stable gene 
transfer, and used to express antisense RNAs against moloney murine 
leukemia virus and anti-HIV decoy RNAs (Sullenger et al., 1990 Mol. Cell. 

10 Biol. 10, 6512-6523; Sullenger et al., 1990 Ce//63, 601-608; Sullenger et 
al., 1991 J. Virol. 65, 6811-6816; Lee et al., 1992 The New Biologist 4, 66- 
74). Clonal lines are expanded from individual cells present in the bulk 
population, and therefore express similar amounts of the therapeutic RNA 
in all cells. Development of a vector system that generates therapeutic 

15 levels of therapeutic RNA in all treated cells would represent a significant 
advancement in RNA based gene therapy modalities. 

Applicant examined hammerhead (HHI) ribozyme (RNA with 
enzymatic activity) expression in human T cell lines using the A3-5 vector 
system (These constructs are termed "A3-5/HHI"; Fia. 341 . On average, 

20 ribozymes were found to accumulate to less than 1 00 copies per cell in the 
bulk T cell populations. In an attempt to improve expression levels of the 
A3-5 chimera, the applicant made a series of modified A3-5 gene units 
containing enhanced promoter elements to increase transcription rates, 
and inserted structural elements to improve the intracellular stability of the 

25 ribozyme transcripts (Fig, 34). One of these modified gene units, termed 
S35, gave rise to more than a 100-fold increase in ribozyme accumulation 
in bulk T cell populations relative to the original A3-5/HHI vector system. 
Ribozyme accumulation in individual clonal lines from the pooled T cell 
populations ranged from 10 to greater than 100 fold more than those 

30 achieved with the original A3-5/HHI version of this vector. 

The S35 gene unit may be used to express other therapeutic RNAs 
including, but not limited to, ribozymes, antisense, decoy, therapeutic 
editing, agonist and antagonist RNAs. Application of the S35 gene unit 
would not be limited to antiviral therapies, but also to other diseases, such 
35 as cancer, in which therapeutic RNAs may be effective. The S35 gene unit 
may be used in the context of other vector systems besides retroviral 



WO 95/23225 



PCT71B95/00156 



103 

vectors, including but not limited to, other stable gene transfer systems 
such as adeno-associated virus (AAV; Carter, 1992 Curr. Opin. Genet Dev. 
3, 74), as well as transient vector systems such as plasmid delivery and 
adenoviral vectors (Berkner, 1988 BioTechniques 6, 616-629). 

5 As described below, the S35 vector encodes a truncated version of a 

tRNA wherein the 3* region of the RNA is base-paired to complementary 
nucleotides at the 5' terminus, which includes the 5* precursor portion that 
is normally processed off during tRNA maturation. Without being bound by 
any theory, Applicant believes this feature is important in the level of 
1 0 expression observed. Thus, those in the art can now design equivalent 
RNA molecules with such high expression levels. Below are provided 
examples of the methodology by which such vectors and tRNA molecules 
can be made. 

A3-5 Vectors 

15 The use of a truncated human tRNAj m et gene, termed A3-5 fFia. 33 : 

Adeniyi-Jones et at., 1984 supra), to drive expression of antisense RNAs, 
and subsequently decoy RNAs (Sullenger et al., 1990 supra) has recently 
been reported. Because tRNA genes utilize internal pol III promoters, the 
antisense and decoy RNA sequences were expressed as chimeras 

20 containing tRNAj met sequences. The truncated tRNA genes were placed 
into the U3 region of the 3 1 moloney murine leukemia virus vector LTR 
(Sullenger et al„ 1990 supra). 

Base-Paired Structures 

Since the A3-5 vector combination has been successfully used to 
25 express inhibitory levels of both antisense and decoy RNAs, applicant 
cloned ribozyme-encoding sequences (termed as M A3-5/HHI n ) into this 
vector to explore its utility for expressing therapeutic ribozymes. However, 
iow ribozyme accumulation in human T cell lines stably transduced with 
this vector was observed (Fig. 35) . To try and improve accumulation of the 
30 ribozyme, applicant incorporated various RNA structural elements fFia. 34) 
into one of the ribozyme chimeras (A3-5/HHI), 

Two strategies were used to try and protect the termini of the chimeric 
transcripts from exonucleolytic degradation. One strategy involved the 
incorporation of stem-loop structures into the termini of the transcript. Two 
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such constructs were cloned, S3 which contains a stem-loop structure at 
the 3' end, and S5 which contains stem-loop structures at both ends of the 
transcript (Figure 34 ). The second strategy involved modification of the 3' 
terminal sequences such that the 5' terminus and the 3' end sequences 
5 can form a stable base-paired stem. Two such constructs were made: S35 
in which the 3' end was altered to hybridize to the 5' leader and acceptor 
stem of the tRNAj m e* domain, and S35Plus which was identical to S35 but 
included more extensive structure formation within the non-ribozyme 
portion of the A3-5 chimeras (Figure 34V These stem-loop structures are 

1 0 also intended to sequester non-ribozyme sequences in structures that will 
prevent them from interfering with the catalytic activity of the ribozyme. 
These constructs were cloned, producer cell lines were generated, and 
stably-transduced human MT2 (Harada et al., 1985 supra) and CEM (Nara 
& Fischinger, 1988 supra) cell lines were established {Curr. Protocols Mol. 

1 5 Biol. 1992, ed. Ausubel et al., Wiley & Sons, NY). The RNA sequences and 
structure of S35 and S35 Plus are provided in Figures 40-47 . 

Referring to Figure 48. there is provided a general structure for a 
chimeric RNA molecule of this invention. Each N independently represents 
none or a number of bases which may or may not be base paired. The A 

20 and B boxes are optional and can be any known A or B box, or a 
consensus sequence as exemplified in the figure. The desired nucleic acid 
to be expressed can be any location in the molecule, but preferably is on 
those places shown adjacent to or between the A and B boxes (designated 
by arrows). Figure 49 shows one example of such a structure in which a 

25 desired RNA is provided 3' of the intramolecular stem. A specific example 
of such a construct is provided in Figures 50 and fi-f 

Example 26: Cloning of A3-5-Ribozvme Chimnra 

Oligonucleotides encoding the S35 insert that overlap by at least 15 
nucleotides were designed (5' G ATCCACTCTG CTGTTCTGTTTTTG A 3' 
30 and 5' CGCGTCAAAAACAGAACAGCAGAGTG 3'). The oligonucleotides 
(10 nM each) were denatured by boiling for 5 min in a buffer containing 40 
mM Tris.HCI, pH8.0. The oligonucleotides were allowed to anneal by snap 
cooling on ice for 10-15 min. 

The annealed oligonucleotide mixture was converted into a double- 
35 stranded molecule using Sequenase® enzyme (US Biochemicals) in a 
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buffer containing 40 mM Tris.HCI, pH7.5, 20 mM MgCl2, 50 mM NaCI, 0.5 
mM each of the four deoxyribonucleotide triphosphates, 10 mM DTT. The 
reaction was allowed to proceed at 37°C for 30 min. The reaction was 
stopped by heating to 70°C for 15 min. 

5 The double stranded DNA was digested with appropriate restriction 

endonucleases (BamH\ and MM) to generate ends that were suitable for 
cloning into the A3-5 vector. 

The double-stranded insert DNA was ligated to the A3-5 vector DNA 
by incubating at room temperature (about 20°C) for 60 min in a buffer 
10 containing 66 mM Tris.HCI, pH 7.6, 6.6 mM MgCl2, 10 mM DTT, 0.066 uM 
ATP and 0. 1 U/fil T4 DNA Ligase (US Biochemicals). 

Competent E. coli bacterial strain was transformed with the 
recombinant vector DNA by mixing the cells and DNA on ice for 60 min. 
The mixture was heat-shocked by heating to 37°C for 1 min. The reaction 
1 5 mixture was diluted with LB media and the cells were allowed to recover for 
60 min at 37°C. The cells were plated on LB agar plates and incubated at 
37°Cfor-18h. 

Plasmid DNA was isolated from an overnight culture of recombinant 
clones using standard protocols (Ausubel et al., Curr. Protocols Mol. 
20 Biology 1 990, Wiley & Sons, NY). 

The identity of the clones were determined by sequencing the plasmid 
DNA using the Sequenase® DNA sequencing kit (US Biochemicals). 

The resulting recombinant A3-5 vector contains the S35 sequence. 
The HHI encoding DNA was cloned into this A3-5-S35 containing vector 
25 using Sadl and SamHI restriction sites. 

Example 27: Northern analysis 

RNA from the transduced MT2 cells were extracted and the presence 
of A3-5/ribozyme chimeric transcripts were assayed by Northern analysis 
(Curr, Protocols Mol. Biol. 1992, ed. Ausubel et al., Wiley & Sons, NY). 
30 Northern analysis of RNA extracted from MT2 transductants showed that 
A3-5/ribozyme chimeras of appropriate sizes were expressed (Fig. 35.36) . 
In addition, these results demonstrated the relative differences in 
accumulation among the different constructs (Figure 35.3R) . The pattern of 
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expression seen from the A3-5/HHI ribozyme chimera was similar to 12 
other ribozymes cloned into the A3-5 vector (not shown). In MT-2 cell line, 
A3-5/HHI ribozyme chimeras accumulated, on average, to less than 100 
copies per cell. 

5 Addition of a stem-loop onto the 3' end of A3-5/HHI did not lead to 

increased A3-5 levels (S3 in Fig. 35.36) . The S5 construct containing both 
5' and 3' stem-loop structures also did not lead to increased ribozyme 
levels (Fig. 35,36 ). 

Interestingly, the S35 construct expression in MT2 cells was about 
1 0 100-fold more abundant relative to the original A3-5/HHI vector transcripts 
(Fig. 35,36). This may be due to increased stability of the S35 transcript. 

Example 28: Cleavage activity 

To assay whether ribozymes transcribed in the transduced cells 
contained cleavage activity, total RNA extracted from the transduced MT2 T 

15 cells were incubated with a labeled substrate containing the HHI cleavage 
site (Figure 37). Ribozyme activity in all but the S35 constructs, was too 
low to detect. However, ribozyme activity was detectable in S35- 
transduced T cell RNA. Comparison of the activity observed in the S35- 
transduced MT2 RNA with that seen with MT2 RNA in which varying 

20 amounts of in vitro transcribed S5 ribozyme chimeras, indicated that 
between 1-3 nM of S35 ribozyme was present in S35-transduced MT2 
RNA. This level of activity corresponds to an intracellular concentration of 
5,000-15,000 ribozyme molecules per cell. 

Example 29: Clonal variation 

25 Variation in the ribozyme expression levels among cells making up 

the bulk population was determined by generating several clonal cell lines 
from the bulk S35 transduced CEM line (Curr. Protocols Mol Biol. 1992, 
ed. Ausubel et al., Wiley & Sons, NY) and the ribozyme expression and 
activity levels in the individual clones were measured (Figure 3R an d sq) 

30 All the individual clones were found to express active ribozyme. The 
ribozyme activity detected from each clone correlated well with the relative 
amounts of ribozyme observed by Northern analysis. Steady state 
ribozyme levels among the clones ranged from approximately 1,000 
molecules per cell in clone G to 11,000 molecules per cell in clone H (Qg^ 



WO 95/23225 



PCT/IB95/00156 



107 

38) . The mean accumulation among the clones, calculated by averaging 
the ribozyme levels of the clones, exactly equaled the level measured in 
the parent bulk population. This suggests that the individual clones are 
representative of the variation present in the bulk population. 

5 The fact that all 14 clones were found to express ribozyme indicate 

that the percentage of cells in the bulk population expressing ribozyme is 
also very high. In addition, the lowest level of expression in the clones was 
still more than 10-fold that seen in bulk cells transduced with the original 
A3-5 vector. Therefore, the S35 gene unit should be much more effective 
10 in a gene therapy setting in which bulk cells are removed, transduced and 
then reintroduced back into a patient. 

Example 30: Stability 

Finally, the bulk S35-transduced line, resistant to G418, was 
propogated for a period of 3 months (in the absence of G418) to determine 

1 5 if ribozyme expression was stable over extended periods of time. This 
situation mimicks that found in the clinic in which bulk cells are transduced 
and then reintroduced into the patient and allowed to propogate. There 
was a modest 30% reduction of ribozyme expression after 3 months. This 
difference probably arose from cells with varying amount of ribozyme 

20 expression and exhibiting different growth rates in the culture becoming 
slightly more prevalent in the culture. However, ribozyme expression is 
apparently stable for at least this period of time. 

Example 31: Desig n and construction of TRZ-tRNA Chimera 

A transcription unit, termed TRZ, is designed that contains the S35 
25 motif (Figure 52). A desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of TRZ tRNA chimera. This construct might provide 
additional stability to the desired RNA. TRZ-A and TRZ-B are non-limiting 
examples of the TRZ-tRNA chimera. 

Referring to Fig. 53-54 . a hammerhead ribozyme targeted to site I 
30 (HHITRZ-A; Fig, 53) and a hairpin ribozyme (HPITRZ-A; Fig. 54) f also 
targeted to site I, is cloned individually into the indicated region of TRZ 
tRNA chimera. The resulting ribozyme trancripts retain full RNA cleavage 
activity (see for example Fig, 55)« Applicant has shown that efficient 
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expression of these TRZ tRNA chimera can be achieved in mammalian 
cells. 

Besides ribozymes, desired RNAs like antisense, therapeutic editing 
RNAs, decoys, can be readily inserted into the indicated region of TRZ- 
5 tRNA chimera to achieve therapeutic levels of RNA expression in 
mammalian cells. 

Sequences listed in Figures 40- 47 and 50 - 54 are meant to be non- 
limiting examples. Those skilled in the art will recognize that variants 
(mutations, insertions and deletions) of the above examples can be readily 
1 0 generated using techniques known in the art, are within the scope of the 
present invention. 

Example 32: Ribozvme expression in T cell lines 

Ribozyme expression in T cell lines stably-transduced with either a 
retroviral-based or an Adeno-associated virus (AAV)-based ribozyme 

1 5 expression vector (Figure 56). The human T cell lines MT2 and CEM were 
transduced with either retroviral or AAV vectors encoding a neomycin 
slelctable marker and a ribozyme (S35/HHI) expressed from pol III metj 
tRNA-driven promoter. Cells stably-transduced with the vectors were 
selectivelyt expanded medium containing the neomycin antibiotic 

20 derivative, G418 (0.7 mg/ml). Ribozyme expression in the stable cell lines 
was then alalyzed by Northern analysis. The probe used to detect 
ribozyme transcripts also cross-hybridized with human metj tRNA 
sequences. Refering to Figure 56, S35/HHI RNA accumulates to significant 
levels in MT2 and CEM cells when transduced with either the retrovirus or 

25 the AAV vector. 

These are meant to be non-limiting examples, those skilled in the art 
will recognize that other vectors such as adenovirus vector (Figure 57), 
plasmid DNA vector, alpha virus vectors and the other derivatives there of, 
can be readily generated to deliver the desired RNA, using techniques 
30 known in the art and are within the scope of this invention. Additionally, the 
transcription units can be expressed individually or in multiples using pol II 
and/or pol III promoters. 

References cited herein, as well as Draper WO 93/23569, 94/02495, 
94/06331, Sullenger WO 93/12657, Thompson WO 93/04573, and Sullivan 
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WO 94/04609, and 93/11253 describe methods for use of vectors decribed 
herein, and are incorporated by reference herein. In particular these 
vectors are useful for administration of antisense and decoy RNA 
molecules. 

5 Example 33: Liaated Ribozvmes are catalvticallv active 

The ability of ribozymes generated by ligation methods, described in 
Draper et a!., PCT WO 93/23569, to cleave target RNA was tested on either 
matched substrate RNA (Fig. 58) or long (622 nt) RNA (Fia. 59. 60 and 61) 

Matched substrate RNAs were chemically synthesized using solid- 

10 phase RNA synthesis chemistry (Scaringe et al., 1990 Nucleic Acids Res 
18, 5433-5441). Substrate RNA was 5' end-labeled using [y-32p] ATP and 
polynucleotide kinase (Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al., 
Wiley & Sons, NY). Ribozyme reactions were carried out under ribozyme 
excess conditions (kcat/KM; Herschlag and Cech, 1990 Biochemistry 29, 

15 10159-10171). Briefly, ribozyme and substrate RNA were denatured and 
renatured separately by heating to 90°C and snap cooling on ice for 10 min 
in a buffer containing 50 mM Tris. HCI pH 7.5 and 10 mM MgCl2- 
Cleavage reaction was initiated by mixing the ribozyme with the substrate 
at 37°C. Aliquots of 5 ^l were taken at regular intervals of time and the 

20 reaction was stopped by mixing with equal volume of formamide gel 
loading buffer (Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al., Wiley & 
Sons, NY). The samples were resolved on 20 % polyacrylamide-urea gel. 
Refering to Fig. 58, -AG refers to the free energy of binding calculated for 
base-paired interactions between the ribozyme and the substrate RNA 

25 (Turner and Sugimoto, 1988 Supra) . RPI A is a HH ribozyme with 6/6 
binding arms. This ribozyme was synthesized chemically either as a one 
piece ribozyme or was synthesized in two fragments followed by ligation to 
generate a one piece ribozyme. The kcat/KM values for the two ribozymes 
were comparable. 

30 A template containing T7 RNA polymerase promoter upstream of 622 

nt long target sequence, was PCR amplified from a DNA clone. The target 
RNA (containing HH ribozyme cleavage sites B, C and D) was transcribed 
from this PCR amplified template using T7 RNA polymerase. The transcript 
was internally labeled during transcription by including [a- 32 P] CTP as one 

35 of the four ribonucleotide triphosphates. The transcription mixture was 
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treated with DNase-1 , following transcription at 37°C for 2 hours, to digest 
away the DNA template used in the transcription. RNA was precipitated 
with Isopropanol and the pellet was washed two times with 70% ethanol to 
get rid of salt and nucleotides used in the transcription reaction. RNA is 
5 resuspended in DEPC-treated water and stored at 4°C. Ribozyme 
cleavage reactions were carried out under ribozyme excess (k C at/KM) 
conditions [Herschlag and Cech 1990 supra] . Briefly, 1000 nM ribozyme 
and 10 nM internally labeled target RNA were denatured separately by 
heating to 90°C for 2 min in the presence of 50 mM Tris.HCI, pH 7.5 and 10 
10 mM MgCl2- The RNAs were renatured by cooling to 37°C for 10-20 min. 
Cleavage reaction was initiated by mixing the ribozyme and target RNA at 
37°C. Aliquots of 5 \i\ were taken at regular intervals of time and the 
reaction was quenched by adding equal volume of stop buffer. The 
samples were resolved on a sequencing gel. 

15 Example 34: Hammerhead ribozvmes with > 2 base-paired stem II are 
catalvticallv active 

To decrease the cost of chemical synthesis of RNA, applicant was 
interested in determining whether the length of stem II region of a typical 
hammerhead ribozyme (> 4 bp stem II) can be shortened without 
20 decreasing the catalytic efficiency of the HH ribozyme. The length of stem II 
was systematically shortened by one base-pair at a time. HH ribozymes 
with three and two base-paired stem II were chemically synthesized using 
solid-phase RNA phosphoramidite chemistry (Scaringe et aL 1990 supral 

Matched and long substrate RNAs were synthesized and ribozyme 
25 assays were carried out as described in example 33. Referring to figures . 
62, £3 and 64, data shows that shortening stem II of a hammerhead 
ribozyme does not significantly alter the catalytic efficiency. It is applicant's 
opinion that hammerhead ribozymes with > 2 base-paired stem II region 
are catalytically active. 

30 Example 35: Synthesis of catalvticallv acti ve hairpin rihr^yp ioc 

RNA molecules were chemically synthesized having the nucleotide 
base sequence shown in Fig. 35 for both the 5' and 3* fragments. The 3' 
fragments are phosphorylated and ligated to the 5' fragment essentially as 
described in example 37. As is evident from the Figure 65 . the 3' and 5 1 
35 fragments can hybridize together at helix 4 and are covalently linked via 
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GAAA sequence. When this structure hybridizes to a substrate a 
ribozyme-substrate complex structure is formed. While helix 4 is shown as 
3 base pairs it may be formed with only 1 or 2 base pairs. 

40 nM mixtures of ligated ribozymes were incubated with 1-5 nM 5' 
5 end-labeled matched substrates (chemically synthesized by solid-phase 
synthesis using RNA phosphoramidite chemistry) for different times in 50 
mM Tns/HCI P H 7.5, 10 mM MgCI 2 and shown to cleave the substrate 
efficiently (Og^gg). 

The target and the ribozyme sequences shown in £ig^Di65 are 
10 meant to be non-limiting examples. Those in the art will recognize that 
other embodiments can be readily generated using other sequences and 
techniques generally known in the art. 

V - Construe nf Hairpin qj hn» vrn «, g 

1 s „ ^rV 0 " 0 ^ 80 ,mPr ° Ved trans - c,eav «* n 9 h airpin ribozyme in which a 
15 new - helix (,.e., a sequence able to form a double-stranded region with 
another single-stranded nucleic acid) is provided in the ribozyme to base- 
pair w.th a 5' region of a separate substrate nucleic acid. This helix is 
provided at the 3' end of the ribozyme after helix 3 as shown in Fioure* n 

20 oft "'Ki r 31 tW ° SXtra 53863 b8 Pr ° Vided in he,lx 2 «* * Portion 
20 of the substrate corresponding to helix 2 may be either directly linked to the 

5 portion able to hydrogen bond to the 3' end of the hairpin or may have a 

taker of at.east one base. By trans-cleaving is meant that the ribozyme is 

aWe to act ,n trans to cleave another RNA molecule which is not covalently 

25 1 Z M ?T? t itSS,f - ThUS ' rib ° 2yme 13 n0t ab,e t0 *<* on itself 
<zs> in an intramolecular cleavage reaction. 

By "base-pair" is meant a nucleic acid that can form hydrogen bondfs) 
with other RNA sequence by either traditional Watson-Crick or other non- 
trad.t.onal types (for example Hoogsteen type) of interactions. 

30 he ,i* ™ e h mC ™ Se 7 ,e " gth ° f h6,ix 2 of a haj rpin ribozyme (with or without 
30 helix 5) has several advantages. These include improved stability of the 
nbozyme-target complex in vivo . In addition, an increase in the 
recogmfon sequence of the hairpin ribozyme improves the specificity of the 
nbozyme. This also makes possible the targeting of potential hairpin 

RECTIFIE0 SHEET (RULE9Q 
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ribozyme sites that would otherwise be inaccessible due to neighboring 
secondary structure. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
helix 5) enhances frans-ligation reaction catalyzed by the ribozyme. Trans- 
5 ligation reactions catalyzed by the regular hairpin ribozyme (4 bp helix 2) is 
very inefficient (Komatsu ef a/., 1993 Nucleic Acids Res. 21, 185). This is 
attributed to weak base-pairing interactions between substrate RNAs and 
the ribozyme. By increasing the length of helix 2 (with or without helix 5) 
the rate of ligation (in vitro and in vivo) can be enhanced several fold. 

1 0 Results of experiments suggest that the length of H2 can be 6 bp 

without significantly reducing the activity of the hairpin ribozyme. The H2 
arm length variation does not appear to be sequence dependent. HP 
ribozymes with 6 bp H2 have been designed against five different target 
RNAs and all five ribozymes efficiently cleaved their cognate target RNA. 

1 5 Additionally, two of these ribozymes were able to successfully inhibit gene 
expression (e.g., TNF-a) in mammalian cells. Results of these experiments 
are shown below. 

HP ribozymes with 7 and 8 bp H2 are also capable of cleaving target 
RNA in a sequence-specific manner, however, the rate of the cleavage 
20 reaction is lower than those catalyzed by HP ribozymes with 6 bp H2. 

Example 36: 4 and 6 base pair H2 

Referring to Figures 67-72 . HP ribozymes were synthesized as 
described above and tested for activity. Surprisingly, those with 6 base 
pairs in H2 were still as active as those with 4 base pairs. 

25 VI. Chemical Modification 

Oligonucleotides with 5'-C-alkvl Group 

The introduction of an alkyl group at the 5-position of a nucleoside or 
nucleotide sugar introduces an additional center of chirality into the sugar 
moiety. Referring to Fig. 75. the general structures of 5'-C-alkylnucleotides 
30 belonging to the D-allose, 2, and L-talose, 3, sugar families are shown. 
The family names are derived from the known sugars D-allose and L-talose 
(Ri = CH 3 in 2 and 3 in Figure 75). Useful specific D-allose and L-talose 
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nucleotide derivatives are shown in Figure 76. 29-32 and Figure 77, 58- 
61 respectively. 

This invention relates to the use of S'-C-alkylnucleotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of 
5 RNA or single-stranded DNA, and also as antisense oligonucleotides. As 
the term is used in this application, 5'-C-alkylnucleotide-containing 
enzymatic nucleic acids are catalytic nucleic molecules that contain 5'-C- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
10 single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 
a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

15 Also within the invention are 5-C-alkylnucleotides which may be 

present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 

20 the 5'-C-alkyI group may reduce binding affinity of the oligonucleotide 
containing this modification, if that moiety is not in an essential base pair 
forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 

25 less consequence. Thus, for example, if. a S'-C-alkyl-containing molecule 
has 10% the activity of the unmodified molecule, but has 10-fold higher 
stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 

30 the synthesis of such nucleotides and oligonucleotides (examples of which 
are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 5-C-alkylnucleosides, that 
is a nucleotide base having at the S'-position on the sugar molecule an 
alkyl moiety. In a related aspect, the invention also features 5'-C- 
35 alkylnucleotides, and in preferred embodiments features those where the 
nucleotide is not uridine or thymidine. That is, the invention preferably 
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includes all those nucleotides useful for making enzymatic nucleic acids or 
antisense molecules that are not described by the art discussed above. In 
preferred embodiments, the sugar of the nucleoside or nucleotide is in an 
optically pure form, as the talose or allose sugar. 

5 Examples of various alkyl groups useful in this invention are shown in 

Figure 75, where each Ri group is any alkyl. These examples are not 
limiting in the invention. Specifically, an "alkyl" group refers to a saturated 
aliphatic hydrocarbon, including straight-chain, branched-chain, and cyclic 
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 

1 0 preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 
=0, =S, N0 2 or N(CH 3 ) 2 , amino, or SH. The term also includes alkenyl 
groups which are unsaturated hydrocarbon groups containing at least one 

1 5 carbon-carbon double bond, including straight-chain, branched-chain, and 
cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. More 
preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 

20 =0, =S, NO2, halogen, N(CH3)2, amino, or SH. The term "alkyl" also 
includes alkynyl groups which have an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, 

25 more preferably 1 to 4 carbons. The alkynyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxyl, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 ) 2 , amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 

30 aromatic group which has at least one ring having a conjugated n electron 
system and includes carbocyclic aiyl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substhuent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH. OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 

35 alkyl group (as described above) covalently joined to an aryl group (as 
described above. Carbocyclic aryl groups are groups wherein the ring 
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atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 
5 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR\ where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

10 In other aspects, also related to those discussed above, the invention 

features oligonucleotides having one or more 5'-C-alkylnucleotides; e.g. 
enzymatic nucleic acids having a 5-C-alkylnucleotide; and a method for 
producing an enzymatic nucleic acid molecule having enhanced activity to 
cleave an RNA or single-stranded DNA molecule, by forming the enzymatic 

15 molecule with at least one nucleotide having at its 5'-position an alkyl 
group. In other related aspects, the invention features 5'-C-alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The 5-C-alkyl derivatives of this invention provide enhanced stability 
20 to the oligonulceotides containing them. While they may also reduce 
absolute activity in an in vitro assay they will provide enhanced overall 
activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

25 In another aspect, the invention features a method for conversion of a 

protected alio sugar to a protected talo sugar. In the method, the protected 
alio sugar is contacted with triphenyl phosphine, diethylazodicarboxylate, 
and p-nitrobenzoic acid under inversion causing conditions to provide the 
protected talo sugar. While one example of such conditions is provided 

30 below, those in the art will recognize other such conditions. Applicant has 
found that such conversion allows for ready synthesis of all types of 
nucleotide bases as exemplified in the figures. 

While this invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particuiary useful for 
35 enzymatic RNA molecules. Thus, below is provided examples of such 
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molecules. Those in the art will recognize that equivalent procedures can 
be used to make other molecules without such enzymatic activity. 
Specifically, Figure 1 shows base numbering of a hammerhead motif in 
which the numbering of various nucleotides in a hammerhead ribozyme is 
5 provided. This is not to be taken as an indication that the Figure is prior art 
to the pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 1. the preferred sequence of a hammerhead ribozyme 
in a 5'- to 3'-direction of the catalytic core is CUGANGAG[base paired 
withJCGAAA. In this invention, the use of 5'-C-aIkyl substituted nucleotides 
1 0 that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Substitutions of any nucleotide 
with any of the modified nucleotides shown in Figure 75 are possible. 

The following are non-limiting examples showing the synthesis of 
nucleic acids using 5-C-alkyl-substituted phosphoramidites and the 
1 5 syntheses of the amidites. 

Example 37: Synthesis of Hammerhead Rih ozvmes Containing S'-rXA»ky|- 
nucleotides & Other Modified Nucleotides 

The method of synthesis would follow the procedure for normal RNA 
synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang, M.-Y.; 

20 Cedergren.R.J. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe.S.A.; Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 
3'-end (compounds 26-29 and 56-59). These 5'-C-alkyl substituted 

25 phosphoramidites may be incorporated not only into hammerhead 
ribozymes, but also into hairpin, hepatitis delta virus, Group 1 or Group 2 
intron catalytic nucleic acids, or into antisense oligonucleotides. They are, 
therefore, of general use in any nucleic acid structure. 

Example 38: Me t hvl-2.3-0-lso propy|idine-6-Deoxv.p-n-allofurannfiiHp (A) 

30 A suspension of L-mamnose (100 g, 0.55 mol), CuS0 4 (120 g) and 

cone. H2SO4 (4.0 mL) in 1.0 L of dry acetone was mixed for 24 h at RT, 
then filtered. Cone. NH4OH (5 mL) was added to the filtrate and the newly 
formed precipitate was filtered. The residue was concentrated in vacuo, 
coevaporated with pyridine (2 x 300 mL), dissolved in pyridine (500 mL) 

35 and cooled to 0 °C. A solution of p-toluenesufonylchloride (107 g , 0.56 



WO 95/23225 



PCI7EB95y001S6 



117 

mmol) in dry DCE (500 mL) was added dropwise over 0.5 h. The reaction 
mixture was left for 16 h at RT. The reaction was quenched by adding ice- 
water (0.5 L) and, after mixing for 0.5 h, was extracted with chloroform (0.75 
L). The organic layer was washed with H2O (2 x 500 mL), 10% H2SO4 (2 x 
5 300 mL), water (2 x 300 mL), sat. NaHC0 3 (2 x 300 mL), brine (2 x 300 
mL), dried over MgSC>4 and evaporated to dryness. The residue (115 g) 
was dissolved in dry MeOH (1 L) and treated with NaOMe (23.2 g, 0.42 
mmol) in MeOH. The reaction mixture was left for 16 h at 20 °C, neutralized 
with dry CO2 and evaporated to dryness. The residue was suspended in 
1 0 chloroform (750 mL), filtered , concentrated to 100 mL and purified by flash 
chromatography in CHCI3 to yield 45 g (37%) of compound 4. 

Example 39: Meth vl-2.3-0-lsoproDvlidine-5-0-f-But\/ldiphenvlsilvl.R. 
Deoxv-p-D-Allofuranoside (5). 

To solution of methylfuranoside 4 (12.5 g 62.2 mmol) and AgN03 
15 (21.25 g, 125.0 mmol) in dry DMF (300 mL) f-butyldiphenylsilyl chloride 
(22.2 g , 81 mmol) was added dropwise under Ar over 0.5 h. The reaction 
mixture was stirred for 4 h at RT, diluted with CHCI3 (200 mL), filtered and 
evaporated to dryness (below 40 °C using a high vacuum oil pump). The 
residue was dissolved in CH 2 CI 2 (300 mL) washed with sat. NaHC03 (2 x 
20 50 mL), brine (2 x 50 mL), dried over MgS0 4 and evaporated to dryness. 
The residue was purified by flash chromatography in CH2CI2 to yield 20.0 
g (75%) of compound 5. 

Example 40: Methvl-5-0-f-Bu tvldiDhenvlsilvl-6-Deoxv-p-D-AllofurannfiiHp 

25 Methylfuranoside 5 (13.5 g, 30.6 mmol) was dissolved in 

CF 3 COOH:dioxane:H20 / 2:1:1 (v/v/v, 200 mL) and stirred at 24 °C for 45 
m. The reaction mixture was cooled to -10 °C, neutralized with cone. 
NH4OH (140 mL) and extracted with CH 2 CI 2 (500 mL). The organic layer 
was separated, washed with sat. NaHC0 3 (2 x 75 mL), brine (2 x 75 mL), 

30 dried over MgS04 and evaporated to dryness. The product 6 was purified 
by flash chromatography using a 0-10% MeOH gradient in CH 2 CI 2 . Yield 
9.0 g (76%). 
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Example 41 : Methvl-2.3-di-0-Benzov[-5-0-/-Bu tvldiDhenvlRil v |-6-Deoxv-p- 
D-Allofuranoside (7). 

Methylfuranoside 6 (7.0 g, 17.5 mmol) was coevaporated with 
pyridine (2 x 100 mL) and dissolved in pyridine (100 mL). Benzoyl chloride 
5 (5.4 g, 38.5 mmol) was added and the reaction mixture was left at RT for 16 
h. Dry EtOH (50 mL) was added and the reaction mixture was evaporated 
to dryness after 0.5 h. The residue was dissolved in CH2CI2 (300 mL), 
washed with sat. NaHC0 3 (2 x 75 mL), brine (2 x 75 mL) dried over MgS0 4 
and evaporated to dryness. The product was purified by flash 
1 0 chromatography in CH 2 CI 2 to yield 9.5 g (89%) of compound 7. 

Example 42: 1-0-Acetvl-2.3-di-0-benzovl-5.O-f-B.i tvldiDhenylRilyl-R- 
Deoxv-B-D-Allofuranose fBl 

Dibenzoate 7 (4.7 g, 7.7 mmol) was dissolved in a mixture of AcOH 
(10.0 mL), Ac 2 0 (20.0 mL) and EtOAc (30 mL) and the reaction mixture was 

15 cooled 0°C. 98% H 2 S0 4 (0.15 mL) was then added. The reaction mixture 
was kept at 0 °C for 16 h, and then poured into a cold 1:1 mixture of sat. 
NaHC0 3 and EtOAc (150 mL). After 0.5 h of vigorous stirring the organic 
phase was separated, washed with brine (2 x 75 mL), dried over MgS0 4 , 
evaporated to dryness and coevaporated with toluene (2 x 50 mL). The 

20 product was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH 2 CI 2 . Yield: 4.0 g (82% as a mixture of a and p isomers). 

Example 43: 1 -(g.S'-di-O-Benzovl-S'-O-f-ButvldiphenvlsiM-R'-nRnYY-fi-p- 
AHofuranosvnuracil (91 

Uracil (1.44 g, 11.5 mmol) was suspended in mixture of 
25 hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT, evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of acetates 8 (6.36 g, 10.0 mmol) in dry CH3CN (100 mL), followed 
30 by CF 3 S0 3 SiMe 3 (2.8 g, 12.6 mmol). The reaction mixture was kept at 24 
°C for 16 h, concentrated to 1/3 of its original volume, diluted with 100 mL 
of CH 2 CI 2 and extracted with sat. NaHC0 3 (2 x 50 mL). brine (2 x 50 mL) 
dried over MgS0 4 , and evaporated to dryness. The product 9 was purified 
by flash chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 . Yield- 
35 5.7 g (80%). 
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Example 44: A/^Benzoyl-l-fy.S'-Di-O-Benzoyl-S'-Of-Butyldiphenvlsilyl-fi'- 
Deoxy-p-D-AllofuranosyflCytosine (10). 

A^-benzoylcytosine (1.84 g, 8.56 mmol) was suspended in mixture of 
hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
5 reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL), followed 
by CF3SC>3SiMe3 (4.76 g, 21.4 mmol). The reaction mixture was boiled 
1 0 under reflux for 5 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHCOs (2 x 50 mL), 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. 
Purification by flash chromatography using a gradient of 0-5% MeOH in 
CH2CI2 yielded 1.8 g (55%) of compound 10. 

15 Example 45: /v S-Benzovl-9-(2 , ■3^-di-0-Benzovl-5'-0-^Butv^diphenvlsilvl-R , - 
Deoxy-B-D-Allofuranosvhadenine M1V 

A/6-benzoyladenine (2.86 g, 11.86 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (7 h) occurred, and then for an additional 

20 hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL) followed 
by CF 3 S0 3 SiMe3 (6.59 g, 29.7 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 

25 diluted with CH2CI2 (100 mL) and extracted with sat. NaHC03 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. The 
product 11 was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH 2 CI 2 . Yield: 2.7 g (60%). 

Example 46: /Vg-lsobutvrvl -9-f2'.3'-di-0-Benzovl-5'-Q.f-ButvldiphPny kiiyi- 
30 6'-Deoxv-B-D-Allofuranosy houanine (1 2V 

A^-lsobutyrylguanine (1.47 g , 11.2 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (6 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
35 coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
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solution of of acetates 8 (3.4 g, 5.3 mmol) in dry CH3CN (1 00 mL) followed 
by CF 3 S03SiMe3 (6.22 g, 28.0 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHC03 (2 x 50 mL), 
5 brine (2 x 50 mL) dried over MgS0 4 and evaporated to dryness. The 
product 12 was purified by flash chromatography using a gradient of 0-2% 
MeOH in CH 2 CI 2 . Yield: 2.1g (54%). 

Example 47: Ag-Benzovl-9-f2'.3'-di-0-ben2ovl-fi '-Deoyv.p.n-Allnf , 
svnadenine M5V 

10 Nucleoside 11 (1.65 g, 2.0 mmol) was dissolved in THF (50 mL) and 

a 1 M solution of TBAF in THF (4 mL) was added. The reaction mixture was 
kept at RT for 4 h, evaporated to dryness and the product purified by flash 
chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 to yield 1.0 g 
(85%) of compound 15. 

15 Example 48: A g-Benzovl-9-f2\3 , -di-0-Ben2ovl-5'.O.DimfithnY Y tr t ^Y|.«'. 
Deoxv-p-D-Allofuranosvn-adenine (191 

Nucleoside 15 (0.55 g, 0.92 mmol) was dissolved in dry CH 2 CI 2 (50 
mL). AgN0 3 (0.34 g, 2.0 mmol), dimethoxytrityl chloride (0.68 g, 2.0 mmol) 
and sym-collidine (0.48 g) were added under Ar. The reaction mixture was 
20 stirred for 2h, diluted with CH 2 CI 2 (100 mL), filtered, evaporated to dryness 
and coevaporated with toluene (2 x 50 mL). Purification by flash 
chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 yielded 0.8 g 
(97%) of compound 19. 

Example 49: /VS-Benzovl-g-f-S'- O-Dimethoxytritvl-e'-Deoxy-p-n-^i in. 
25 furanosvlladenine C231. 

Nucleoside 19 (1.8 g, 2 mmol) was dissolved in dioxane (50 mL), 
cooled to 0 °C and 2 M NaOH (50 mL) was added. The reaction mixture 
was kept at 0 °C for 45 m, neutralized with Dowex 50 (Pyr+ form), filtered 
and the resin was washed with MeOH (2 x 50 mL). The filtrate was then 
30 evaporated to dryness. Purification by flash chromatography using a 
gradient of 0-1 0% MeOH in CH 2 CI 2 yielded 1.1 g (80%) of 23. 
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Example 50: Ag-Ben20Vl-9-f-5'-0-Dimethoxvtritvl-2'-0-f-butvldimeth\/lsilvl. 
6'-Deoxv-p-D-Allofuranosvnadenine (27). 

Nucleoside 23 (1.2 g, 1.8 mmol) was dissolved in dry THF (50 mL). 
Pyridine (0.50 g, 8 mmol) and AgN0 3 (0.4 g, 2.3 mmol) were added. After 
5 the AgN03 dissolved (1.5 h), f-butyldimethylsilyl chloride (0.35 g , 2.3 
mmol) was added and the reaction mixture was stirred at RT for 16 h. The 
reaction mixture was diluted with CH2CI2 (100 mL), filtered into sat. 
NaHC03 (50 mL), extracted, the organic layer washed with brine (2 x 50 
mL), dried over MgS04 and evaporated to dryness. The product 27 was 
1 0 purified by flash chromatography using a hexanes:EtOAc / 7:3 gradient. 
Yield: 0.7 g (50%). 

Example 51 : /^-Benzovl-g-f-S'-O-Dimethoxytritvl^'-O-^-butvldimethylsilyl- 
6'-Deoxv-p-D-Allofuranosvnad enine-3'-f2-Cvanoethvl A/ A/-diisnprnpyl- 
Dhosphoramiditel (31). 

15 Standard phosphitylation of 27 according to Scaringe.S.A.; 

Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 18, 5433-5441 yielded 
phosphoramidite 31 in 73% yield. 

Example 52: Methvl-5-0-D-Nitroben2ovl-2.3-0 .|soDroDvliriine.6-deoxv-p.i - 
Tallofuranoside (5) 

20 Methylfuranoside 4 (3.1 g 14.2 mmol) was dissolved in dry dioxane 

(200 mL), p-nitrobenzoic acid (10.0 g, 60 mmol) and triphenylphosphine 
(15.74 g, 60.0 mmol) were added followed by DEAD (10.45 g, 60.0 mmol). 
The reaction mixture was left at RT for 16 h, EtOH (5 mL) was added, and 
after 0.5 h the reaction mixture was evaporated to dryness. The residue 

25 was dissolved in CH2CI2 (300 mL) washed with sat. NaHCC>3 (2 x 75 mL), 
brine (2 x 75 mL) dried oyer MgS0 4 and evaporated to dryness. 
Purification by flash chromatography using a hexanes:EtOAc / 9:1 gradient 
yielded 4.1 g (78%) of compound 33. Subsequent debenzoylation 
(NaOMe/MeOH) and silylation (see preparation of 5) led to L- 

30 talofuranoside 34 which was converted to phosphoramidites 58-61 using 
the same methodology as described above for the preparation of the 
phosphoramidites of the D-allo-isomers 29-32. 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
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or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et al., PCT WO 94/ 02595. 

5 The ribozymes and the target RNA containing site O were 

synthesized, deprotected and purified as described above. RNA cleavage 
assay was carried our at 37°C in the presence of 10 mM MgCfc as 
described above. 

Applicant has substituted 5'-C-Me-L-talo nucleotides at positions A6, 
10 A9, A9 + G10. C11.1 and C1 1.1 + G10, as shown in Figure 78 (HH-01 to 
HH-05). HH-O 1,2,4 and 5 showed almost wild type activity (Figure 79). 
However, HH-03 demonstrated low catalytic activity. Ribozymes HH-01, 
2, 3, 4 and S are also extremely resistant to degradation by human 
serum nucleases. 

15 Oligonucleotides with 2'-Deoxv-2'-Alkvlnucleotirift 

This invention uses 2'-deoxy-2'-alkylnucleotides in oligonucleotides, 
which are particularly useful for enzymatic cleavage of RNA or single- 
stranded DNA, and also as antisense oligonucleotides. As the term is used 
in this application, 2'-deoxy-2'-alkylnucleotide-containing enzymatic 

20 nucleic acids are catalytic nucleic molecules that contain 2'-deoxy-2'- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 

25 a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are 2'-deoxy-2'-alkylnucleotides which may 
be present in enzymatic nucleic acid or even in antisense oligonucleotides. 

30 Contrary to the findings of De Mesmaeker ef al. applicant has found that 
such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 
the 2'-alkyl group may reduce binding affinity of the oligonucleotide 

35 containing this modification, if that moiety is not in an essential base pair 
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forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 
less consequence. Thus, for example, if a 2'-deoxy-2'-alkyl-containing 
5 molecule has 10% the activity of the unmodified molecule, but has 10-fold 
higher stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 
the synthesis of such nucleotides and oligonucleotides (examples of which 
1 0 are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 2'-deoxy-2'- 
alkylnucleotides, that is a nucleotide base having at the 2'-position on the 
sugar molecule an alkyl moiety and in preferred embodiments features 
those where the nucleotide is not uridine or thymidine. That is, the 
15 invention preferably includes all those nucleotides useful for making 
enzymatic nucleic acids or antisense molecules that are not described by 
the art discussed above. 

Examples of various alkyl groups useful in this invention are shown in 
Figure 81, where each R group is any alkyl. The term "alkyl" does not 
20 include alkoxy groups which have an "-O-alkyl" group, where "alkyl" is 
defined as described above, where the O is adjacent the 2'-position of the 
sugar molecule. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2'-deoxy-2'-alkylnucleotides 
25 (preferably not a 2'-alkyl- uridine or thymidine); e.g. enzymatic nucleic 
acids having a 2'-deoxy-2'-alkylnucleotide; and a method for producing an 
enzymatic nucleic acid molecule having enhanced activity to cleave an 
RNA or single-stranded DNA molecule, by forming the enzymatic molecule 
with at least one nucleotide having at its 2'-position an alkyl group. In other 
. 30 related aspects, the invention features 2'-deoxy-2'-a)kylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. . 

The 2'-alkyl derivatives of this invention provide enhanced stability to 
the oligonulceotides containing them. While they may also reduce 
35 absolute activity in an in vitro assay they will provide enhanced overall 
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activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
5 enzymatic activity having ribonucleotides at locations shown in Figure 80 at 
5, 6, 8, 12, and 15.1, and having substituted ribonucleotides at other 
positions in the core and in the substrate binding arms if desired. (The term 
"core" refers to positions between bases 3 and 14 in Figure 80, and the 
binding arms correspond to the bases from the 3'-end to base 15.1, and 
1 0 from the 5'-end to base 2). Applicant has found that use of ribonucleotides 
at these five locations in the core provide a molecule having sufficient 
enzymatic activity even when modified nucleotides are present at other 
sites in the motif. Other such combinations of useful ribonucleotides can be 
determined as described by Usman et a/, supra. 

1 5 Figure 80 shows base numbering of a hammerhead motif in which the 

numbering of various nucleotides in a hammerhead ribozyme is provided. 
This is not to be taken as an indication that the Figure is prior art to the 
pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 80 the preferred sequence of a hammerhead ribozyme 

20 in a 5'- to 3'-direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of 2-C-alkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in Figure 81 are 

25 possible, and were, indeed synthesized, the basic structure composed of 
promarily 2'-0-Me nucleotides weth selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et al. Biochemistry 1992, 31, 
5005-5009 and Paolella et al. , EMBOJ. 1992, 11, 1913-1919) and ease 
of synthesis, but is not limiting to this invention. 

30 Ribozymes from Figure 80 and Table 45 were synthesized and 

assayed for catalytic activity and nuclease resistance. With the exception 
of entries 8 and 17, all of the modified ribozymes retained at lease 1/10 of 
the wild-type catalytic activity. From Table 45, all ^-modified ribozymes 
showed very large and significant increases in stability in human serum 

35 (shown) and in the other fluids described below (Example 55, data not 
shown). The order of most agressjve nuclease activity was fetal bovine 
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serum, > human serum >human plasma > human synovial fluid. As an 
overall measure of the effect of these 2-substitutions on stability and 
activity, a ratio 6 was calculated (Table 45). This 6 value indicated that all 
modified ribozymes tested had significant, >100 - >1700 fold, increases in 
5 overall stability and activity. These increases in B indicate that the lifetime 
of these modified ribozymes in vivo are significantly increased which 
should lead to a more pronounced biological effect. 

More general substitutions of the 2'-modified nucleotides from Figure 
81 also increased the ti/2 of the resulting modified ribozymes. 
10 However the catalytic activity of these ribozymes was 
decreased > 10-fold. 

In Figure 86 compound 37 may be used as a general 
intermediate to prepare derivatized 2'C-alkyl phosphoramidites, 
where X is CH3, or an alkyl, or other group described above. 

15 The following are non-limiting examples showing the synthesis of 

nucleic acids using 2'-C-alkyl substituted phosphoramidites, the syntheses 
of the amidites, their testing for enzymatic activity and nuclease resistance. 

Example 53: Synthesis of Hammerhead Ribozymes Containing 2'-Deoxy- 
2'-Alkvlnucl eotides & Other 2'-lvlodified Nudantifteg 

20 The method of synthesis used generally follows the procedure for 

normal RNA synthesis as described in Usman.N.; Ogilvie.K.K.; Jiang,M.-Y.; 
Cedergren.R.J. J. Am. Chem. Soc. 1987, 109, 7845-7854 and in 
Scaringe.S.A.; Franklyn.C; Usman.N. Nucleic Acids Res. 1990, 18, 5433- 
5441 and makes use of common nucleic acid protecting and coupling 

25 groups, such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 
3'-end (compounds 10. 12, 17, 22, 31, 18, 26, 32, 36 and 38). Other 
2*-modified phosphoramidites were prepared according to: 3 & 4, Eckstein 
et al. International Publication No. WO 92/07065; and 5 Kois et al. 
Nucleosides & Nucleotides 1993, 12, 1093-1109. The average stepwise 

30 coupling yields were -98%. The 2'-substituted phosphoramidites were 
incorporated into hammerhead ribozymes as shown in Figure 80. 
However, these 2'-alkyl substituted phosphoramidites may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group I or Group II intron catalytic nucleic acids, or into antisense 
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oligonucleotides. They are, therefore, of general use in any nucleic acid 
structure. 

Example 54: Ribozvme Activity Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'- 
5 end labeled ribozymes (-36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 mM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
concentrations were - 1 nM. Total reaction volumes were 50 ml_. The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCI 2 . Reactions were 
1 0 initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
mL were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each time 
point was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
performed using a phosphorimager (Molecular Dynamics). 

15 Example 55: Stability Assay 

500 pmol of gel-purified 5'-end-labeled ribozymes were precipitated 
in ethanol and pelleted by centrifugation. Each pellet was resuspended in 
20 mL of appropriate fluid (human serum, human plasma, human synovial 
fluid or fetal bovine serum) by vortexing for 20 s at room temperature. The 

20 samples were placed into a 37 °C incubator and 2 mL aliquots were 
withdrawn after incubation for 0, 15, 30, 45, 60, 120, 24Q and 480 m. 
Aliquots were added to 20 mL of a solution containing 95% formamide and 
0.5X TBE (50 mM Tris, 50 mM borate, 1 mM EDTA) to quench further 
nuclease activity and the samples were frozen until loading onto gels. 

25 Ribozymes were size-fractionated by electrophoresis in 20% 
acrylamide/8M urea gels. The amount of intact ribozyme at each time point 
was quantified by scanning the bands with a phosphorimager (Molecular 
Dynamics) and the half-life of each ribozyme in the fluids was determined 
by plotting the percent intact ribozyme vs the time of incubation and 

30 extrapolation from the graph. 

Example 56; 3'.5'-OfTetraisopropvl-disiloyanft .i .3-divn.p'-n.phenoYYthin- 
carbonvl-Uridine (7) 

To a stirred solution of 3\5'-0-(tetraisopropyl-disiloxane-1,3-diyl)- 
uridine, 6, (15.1 g, 31 mmol, synthesized according to Nucleic Acid 
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Chemistry, ed. Leroy Townsend, 1986 pp. 229-231) and dimethylamino- 
pyridine (7.57 g, 62 mmol) a solution of phenylchlorothionoformate (5.15 
mL, 37.2 mmol) in 50 mL of acetonitrile was added dropwise and the 
reaction stirred for 8 h. TLC (EtOAc:hexanes / 1:1) showed disappearance 
5 of the starting material. The reaction mixture was evaporated, the residue 
dissolved in chloroform, washed with water and brine, the organic layer 
was dried over sodium sulfate, filtered and evaporated to dryness. The 
residue was purified by flash chromatography on silica gel with 
EtOAcrhexanes / 2:1 as eluent to give 16.44 g (85%) of 7. 

10 Example 57: 3'.5'-Q-fT etraisoDropvl-disiloxane-1 .3-divn-2'-C-Allvl -Uridine 

m 

To a refluxing, under argon, solution of 3',5'-0-(tetraisopropyl- 
disiloxane-1,3-diyl)-2'-0-phenoxythiocarbonyl-uridine, 7, (5 g, 8.03 mmol) 
and allyltributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide 
15 (0.5 g) was added portionwise during 1 h. The resulting mixture was 
allowed to reflux under argon for an additional 7-8 h. The reaction was 
then evaporated and the product 8 purified by flash chromatography on 
silica gel with EtOAc:hexanes / 1:3 as eluent. Yield 2.82 g (68.7%). 

Example 58: 5'-CiDimethoxvtritvl-2'-C-Allvl-LJririinfi ffl) 

20 A solution of 8 (1.25 g, 2.45 mmol) in 10 mL of dry tetrahydrofuran 

(THF) was treated with a 1 M solution of tetrabutylammoniumfluoride in 
THF (3.7 mL) for 10 m at room temperature. The resulting mixture was 
evaporated, the residue was loaded onto a silica gel column, washed with 
1 L of chloroform, and the desired deprotected compound was eluted with 

25 chloroform:methanol / 9:1. Appropriate fractions were combined, solvents 
removed by evaporation, and the residue was dried by coevaporation with 
dry pyridine. The oily residue was redissolved in dry pyridine, 
dimethoxytritylchloride (1 .2 eq) was added and the reaction mixture was 
left under anhydrous conditions overnight. The reaction was quenched 

30 with methanol (20 mL), evaporated, dissolved in chloroform, washed with 
5% aq. sodium bicarbonate and brine. The organic layer was dried over 
sodium sulfate and evaporated. The residue was purified by flash 
chromatography on silica gel, EtOAc:hexanes / 1:1 as eluent, to give 0.85 g 
(57%) of 9 as a white foam. 
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Example 59: 5'-0-Dimethoxvtritvl-2'-C-Allvl-Uridine 3W2-Cvanoethvl N.N- 
diisopropvlphosphoramidite^ (10) 

5'-0-Dimethoxytrityl-2'-C-ally!-uridine (0.64 g, 1.12 mmol) was 
dissolved in dry dichloromethane under dry argon. /V,/V-Diisopropylethyl- 
5 amine (0.39 mL, 2.24 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/,A/-diisopropylchlorophosphoramidite (0.35 mL, 1 .57 mmol) 
was added dropwise to the stirred reaction solution and stirring was 
continued for 2 h at RT. The reaction mixture was then ice-cooled and 
quenched with 12 mL of dry methanol. After stirring for 5 m, the mixture 
10 was concentrated in vacuo (40 °C) and purified by flash chromatography 
on silica gel using a gradient of 10-60% EtOAc in hexanes containing 1% 
triethylamine mixture as eluent. Yield: 0.78 g (90%), white foam. 

Example 60: 3'.5'- 0-rr etraisopropvl-disiloxane-1 .3-diyn-2'-C-Allvl-/vl - 
Acetvl-Cvtidine f11) 

15 Triethylamine (6.35 mL, 45.55 mmol) was added dropwise to a stirred 

ice-cooled mixture of 1 ,2,4-triazole (5.66 g, 81.99 mmol) and phosphorous 
oxychloride (0.86 mL, 9.1 1 mmol) in 50 mL of anhydrous acetonitrile. To 
the resulting suspension a solution of 3\5'-0-(tetraisopropyl-disiloxane- 
1.3-diyl)-2'-C-allyl uridine (2.32 g, 4.55 mmol) in 30 mL of acetonitrile was 

20 added dropwise and the reaction mixture was stirred for 4 h at room 
temperature. The reaction was concentrated in vacuo to a minimal volume 
(not to dryness). The residue was dissolved in chloroform and washed with 
water, saturated aq. sodium bicarbonate and brine. The organic layer was 
dried over sodium sulfate and the solvent was removed in vacuo. The 

25 resulting foam was dissolved in 50 mL of 1 ,4-dioxane and treated with 29% 
aq. NH4OH overnight at room temperature. TLC (chlorofornrmethanol / 
9:1) showed complete conversion of the starting material. The solution was 
evaporated, dried by coevaporation with anhydrous pyridine and 
acetylated with acetic anhydride (0.52 mL, 5.46 mmol) in pyridine 

30 overnight. The reaction mixture was quenched with methanol, evaporated, 
the residue was dissolved in chloroform, washed with sodium bicarbonate 
and brine. The organic layer was dried over sodium sulfate, evaporated to 
dryness and purified by flash chromatography on silica gel (3% MeOH in 
chloroform). Yield 2.3 g (90%) as a white foam. 
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Example 61: y-O-Pimethoxvtritvl^ 

This compound was obtained analogously to the uridine derivative 9 
in 55% yield. 

Example 62: S^ODimethoxvtritvl^-C-allyl-^Acetvl-Cvtidine 3'-(2- 
5 Cyanoethyl /V./V-diisopropvlphosphoramidite^ (121 

2 , -0-Dimethoxytrityl-2 , -C-allyI-A/ 4 -acetyl cytidine (0.8 g, 1.31 mmol) 
was dissolved in dry dichloromethane under argon. W,/V-Diisopropylethyl- 
amine (0.46 mL, 2.62 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/,/V-diisopropylchlorophosphoramidite (0.38 mL, 1.7 mmol) 

10 was added dropwise to a stirred reaction solution and stirring was 
continued for 2 h at room temperature. The reaction mixture was then ice- 
cooled and quenched with 12 mL of dry methanol. After stirring for 5 m, the 
mixture was concentrated in vacuo (40 °C) and purified by flash 
chromatography on silica gel using chloroformrethanol / 98:2 with 2% 

1 5 triethylamine mixture as eluent. Yield: 0.91 g (85%), white foam. 

Example 63: 2 , -Deoxy-2'-Methylene-Uridine 

2 , -Deoxy-2 , -methylene-3 , f 5 t -0-(tetraisopropyldisiloxane-1 f 3-diyl)- 
uridine 14 (Hansske,F.; Madej,D.; Robins.M. J. Tetrahedron 1984 ( 40, 125 
and Matsuda.A.; Takenuki.K.; Tanaka,S.; Sasaki.T.; Ueda,T. J. Med. Chem. 
20 1991, 34, 812) (2.2 g, 4.55 mmol ) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (10 mL) for 20 m and concentrated }n vacuo. The 
residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2 , -methylene-uridine (1.0 g, 3.3 mmol, 72.5%) 
was eluted with 20% MeOH in CH 2 Ci 2 . 

25 Example 64: y-O-DMT-^-Deoxv-^-Methvlene-Uridine 

2'-Deoxy-2'-methylene-uridine (0.91 g ( 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
30 concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHC03, water and brine. The organic extracts were 
dried over MgS04, concentrated in vacuo and purified over a silica gel 
column using EtOAc:hexanes as eluant to yield 15 (0.43 g, 0.79 mmol, 
22%). 
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Example 65: 5'-Q-DMT-2'-Deoxv-2'-Methv1ene-Uridine 3'-f2-CvannRtF 1 y l 
N. A/-diisopropvlphosphoramidite) (1 7) 

l^a'-Deoxy^'-methylene-S'-O-dimethoxytrityl-p-D-ribofuranosyl)- 
uracil (0.43 g, 0.8 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a 
5 round-bottom flask under Ar. Diisopropylethylamine (0.28 mL, 1.6 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl /V,/V-diiso- 
propylchlorophosphoramidite (0.25 mL, 1.12 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.3 g, 0.4 
1 0 mmol, 50%) was purified by flash column chromatography over silica gel 
using a 25-70% EtOAc gradient in hexanes, containing 1% triethylamine, 
aseluant. Rf 0.42 (CH2CI2: MeOH/ 15:1) 

Example 66: 2'-Deoxv-2'-Difluor omethvlene-3'.5'-0-rretraifio D ropylriisilny- 
ane-1 .3-divl)-Uridine 

15 2'-Keto-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)uridine 14 (1.92 g, 

12.6 mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in 
diglyme (20 mL), and heated to a bath temperature of 160 °C. A warm (60 
°C) solution of sodium chlorodifluoroacetate in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 

20 resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2'- 
Deoxy^'-difluoromethylene-S'.S'-O^tetraisopropyldisiloxane-I.S-diyl)- 
uridine (3.1 g, 5.9 mmol, 70%) eluted with 25% hexanes in EtOAc. 

Example 67: 2 , -Deoxv-2'-Difluo romethvlenft-l)riHj n ft 

25 2 , -Deoxy-2 , -methylene-3',5'-0(tetraisopropyldisiloxane-1,3-diyl)- 

uridine (3.1 g, 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 
Z-Deoxy-^-difluoromethylene-uridine (1.1 g, 4.0 mmol, 68%) was eluted 

30 with 20% MeOH In CH 2 CI 2 . 

Example 68: 5'-0-DMT-2'.Deoxv.P'. r)ifluoromfithylQne.UridinR (jfl 

2 , -Deoxy-2*-difluoromethylene-uridine (1.1 g, 4.0 mmol) was 
dissolved in pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) 
in pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
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was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH 2 CI 2 (100 mL) and washed with sat. NaHC0 3l water and brine. The 
organic extracts were dried over MgS0 4 , concentrated in vacuo and 
5 purified over a silica gel column using 40% EtOAc:hexanes as eluant to 
yield S'-O-DMT^'-deoxy^'-difluoromethylene-uridine 16 (1.05 g, 1.8 
mmol, 45%). 

Example 69: 5iQ- DMT-2 , -Deoxv-2'-Difluornmethvlerm.l Iridine 3'-i9- 
Cvanoethyl /V./V-diisopropvlphosphoramiditel (1ft) 

1 0 1 -(2 , -Deoxy-2*-difluoromethylene-5 , -0-dimethoxytrityl-p-D-ribofurano- 

syl)-uracil (0.577 g, 1 mmol) dissolved in dry CH 2 CI 2 (15 mL) was placed in 
a round-bottom flask under Ar. Diisopropylethylamine (0.36 mL, 2 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,/V-diiso- 
propylchlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture 

1 5 was stirred for 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.404 g, 0.52 
mmol, 52%) was purified by flash chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. R f 
0.48 (CH 2 CI 2 : MeOH/ 15:1). 

20 Exam ple 7Q: 2'-Deoxv-2'-Methvlene-3'.5'-0.(Tetraisop mp V ldisiloxane-1 3- 
divlM-AZ-Acetvl-Cytidine 2Q 

Triethylamine (4.8 mL, 34 mmol) was added to a solution of POCI 3 
(0.65 mL, 6.8 mmol) and 1 ,2,4-triazole (2.1 g, 30.6 mmol) in acetonitrile (20 
mL) at 0 °C. A solution of 2'-deoxy-2'-methylene-3\5'-0-(tetraisopropyldi- 

25 siloxane-1,3-diyl) uridine 19 (1.65 g, 3.4 mmol) in acetonitrile (20 mL) was 
added dropwise to the above reaction mixture and left to stir at room 
. temperature for 4 h. The mixture was concentrated in vacuo, dissolved in 
CH 2 CI 2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
organic extracts were dried over Na 2 SC>4 concentrated in vacuo, dissolved 

30 in dioxane (10 mL) and aq. ammonia (20 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (3 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 
NaHC03 (5 mL). The mixture was concentrated in vacuo, dissolved in 

35 CH 2 CI 2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
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organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. 2'-Deoxy-2 , -methylene-3',5'-0- 
(tetraisopropyldisiloxane-1,3-diyl)-4-A/-acetyl-cytidine 20 (1.3 g, 2.5 mmol, 
73%) was eluted with 20% EtOAc in hexanes. 

5 Example 71: 1-f2'-Deoxv-2'-Methvlene-5'- Q-Dimethoxvtritvl-B-D-ribo- 
furanosvn-4-/V-Acetvl-Cvtosine 21 

2 , -Deoxy-2'-methylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-4-yV- 
acetyl-cytidine 20 (1.3 g, 2.5 mmol) dissolved in THF (20 mL) was.treated 
with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The 

10 residue was triturated with petroleum ether and chromatographed on silica 
gel column. 2 , -Deoxy-2 , -methylene-4-A/-acetyl-cytidine (0.56 g, 1.99 mmol, 
80%) was eluted with 10% MeOH in CH 2 CI 2 . 2'-Deoxy-2*-methylene-4-/V- 
acetyl-cytidine (0.56 g, 1.99 mmol) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (0.81 g, 2.4 mmol) in pyridine (10 mL) was added 

15 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHC0 3 (50 mL), water (50 mL) and brine (50 mL). The 
organic extracts were dried over MgS0 4 , concentrated in vacuo and 

20 purified over a silica gel column using EtOAc:hexanes / 60:40 as eluant to 
yield 21 (0.88 g, 1.5 mmol, 75%). 

Example 72: l-^'-Deoxv^'-M ethvlene-S'-O-DimethnYytntvl-R-D-riho- 

furanosvn-4-/V-Acetvl-Cvtosine 3 , -f2-Cvanoeth y|.A/./y.diisoprop V | P hosnhnr. 
amidite^ (22\ 

25 1-(2 , -Deoxy-2 , -methylene-5*-0-dimethoxytrityl-p-D-ribofuranosyl)-4^A/- 
acetyl-cytosine 21 (0.88 g, 1.5 mmol) dissolved in dry CH 2 CI 2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropylethylamine (0.8 mL, 
4.5 mmol) was added, followed by the dropwise addition of 2-cyanoethyl 
A/./V-diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The reaction 

30 mixture was stirred 2 h at room temperature and quenched with ethanol (1 
mL). After 10 m the mixture evaporated to a syrup in vacuo (40 °C). The 
product 22 (0.82 g, 1.04 mmol, 69%) was purified by flash chromatography 
over silica gel using 50-70% EtOAc gradient in hexanes, containing 1% 
triethylamine, as eluant. Rf 0.36 (CH 2 CI 2 :MeOH / 20:1). 
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Example 73: 2'-Deoxy-2'-Difluoromethvlene-3'.5'-0-(Tetraisopropyl 
disiloxane-1 .3-diyn-4-A/-Acetyl-Cytidine (24) 

Et3N (6.9 mL, 50 mmol) was added to a solution of POCI3 (0.94 mL, 
10 mmol) and 1 ,2,4-triazole (3.1 g, 45 mmol) in acetonrtrile (20 mL) at 0 °C. 
5 A solution of 2'-deoxy-2 , -difluoromethylene-3',5 , -0-(tetraisopropyldisilox- 
ane-1,3-diyl)uridine 23 ([described in example 14] 2.6 g, 5 mmol) in 
acetonitrile (20 mL) was added dropwise to the above reaction mixture and 
left to stir at RT for 4 h. The mixture was concentrated in vacuo, dissolved 
in CH2CI2 (2 x 100 mL) and washed with 5% NaHCC>3 (1 x 100 mL). The 

1 0 organic extracts were dried over NaaSCXj concentrated in vacuo, dissolved 
in dioxane (20 mL) and aq. ammonia (30 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (5 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 

15 NaHC03 (5mL). The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
organic extracts were dried over Na2S04, concentrated in vacuo and the 
residue chromatographed over silica gel. 2 , -Deoxy-2*-difluoromethylene- 
3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)-4-A/-acetyl-cytidine 24 (2.2 g, 3.9 

20 mmol, 78%) was eluted with 20% EtOAc in hexanes. 

Example 74: 1-f2'-Deoxy-2 , -Difluoromethvlene-5'-O.Dimethoxvtritvl-p-D- 
ribofuranosvn-4-A/-Aeetvl-Cvtosine f25^ 

^-Deoxy^'-difluoromethylene-S'.S'-O-^etraisopropyldisiloxane-I.S- 
diyl)-4-/v-acetyl-cytidine 24 (2.2 g, 3.9 mmol) dissolved in THF (20 mL) was 

25 treated with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2'-difluoromethylene-4-W-acetyl-cytidine (0.89 
g, 2.8 mmol, 72%) was eluted with 10% MeOH in CH 2 CI 2 . 2 , -Deoxy-2'- 
difluoromethylene-4-/V-acetyl-cytidine (0.89 g, 2.8 mmol) was dissolved in 

30 pyridine (10 mL) and a solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine 
(10 mL) was added dropwise over 15 m. The resulting mixture was stirred 
at RT for 12 h and MeOH (2 mL) was added to quench the reaction. The 
mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHC0 3 (50 mL), water (50 mL) and brine 

35 (50 mL). The organic extracts were dried over MgS0 4 , concentrated in 
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vacuo and purified over a silica gel column using EtOAc:hexanes / 60:40 
as eluant to yield 25 (1 .2 g, 1 .9 mmol, 68%). 

Example 75: 1 'f2 , -Deoxv>2 , -Difluoromethvlene-5 , >0-Dimethoxvtritvl-p>D- 
ribofuranosyl)-4-/V-Acetylcvtosine 3^(2-cvanoethvl-N.N-dirsopropvlphos- 
5 phoramidite) (26) 

1-(2 , -Deoxy-2'-difluoromethylene-5 , -0-dimethoxytrityl-p-D-ribofurano- 
syl)-4-A/-acetylcytosine 25 (0.6 g, 0.97 mmol) dissolved in dry CH2CI2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 
(0.5 mL, 2.9 mmol) was added, followed by the dropwise addition of 2- 

10 cyanoethyl A/ f A/-diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). The 
product 26, a white foam (0.52 g, 0.63 mmol, 65%) was purified by flash 
chromatography over silica gel using 30-70% EtOAc gradient in hexanes, 

1 5 containing 1 % triethylamine, as eluant. Rf 0.48 (ChteC^MeOH / 20:1). 

Example 76: 2 , -Keto-3 > .5 , -Orr etraisopropvldisiloxa ne-1 .3-divn-fi-A/-M-f- 
Butvlbenzovn-Adenosine (28^ 

Acetic anhydride (4.6 mL) was added to a solution of S'^-O-ttetraiso- 
propyldisiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine (Brown.J.; 

20 Christodolou, C; Jones.S.; ModakA; Reese.C; Sibanda,S.; Ubasawa A. 
J. Chem .Soc. Perkin Trans. /1989, 1735) (6.2 g, 9.2 mmol) in DMSO (37 
mL) and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc 
and washed with water. The organic layer was dried over MgS04 and 

25 concentrated in vacuo. The residue was purified on a silica gel column to 
yield 2 , -keto-3 , f 5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-f-butylben- 
zoyl)-adenosine 28 (4.8 g, 7.2 mmol, 78%). 

Example 77: 2 , >Deoxv-2 , -methvlene-3 \5 , >0-n"etraisopropvldisiloyan^i , 3- 
divn-6-/V-f4^ButvlbenzovlVAdenosine (29) 

30 Under a pressure of argon, sec-butyllithium in hexanes (1 1.2 mL, 14.6 

mmol) was added to a suspension of triphenylmethylphosphonium iodide 
(7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 °C. The homogeneous 
orange solution was allowed to warm to -30 °C and a solution of 2'-keto- 
3\5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-/V-(4-f-butylbenzoyl)-adenosine 



WO 95/23225 



PCT/IB95/00156 



135 

28 (4.87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under 
argon pressure. After warming to RT, stirring was continued for 24 h. THF 
was evaporated and replaced by CH2CI2 (250 mL), water was added (20 
mL), and the solution was neutralized with a cooled solution of 2% HCI. 
5 The organic layer was washed with H2O (20 mL), 5% aqueous NaHC03 
(20 mL), H2O to neutrality, and brine (10 mL). After drying (Ne^SO*), the 
solvent was evaporated in vacuo to give the crude compound, which was 
chromatographed on a silica gel column. Elution with light petroleum 
ethenEtOAc / 7:3 afforded pure 2'-deoxy-2'-methylene-3*,5'-0-(tetraiso- 
1 0 propyldisiloxane-1 ,3-diyl)-6-/V-(4-f-butylbenzoyl)-adenosine 29 (3.86 g, 5.8 
mmol, 79%). 

Example 78: 2'- Deoxv-2 , -Methvlene-6-A/-r4-f-Butvlbenzovh-Adfinnsinft 

2 , -Deoxy-2'-methylene-3',5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/- 
(4-f-butylbenzoyl)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) 
15 was treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in 
vacuo. The residue was triturated with petroleum ether and 
chromatographed on a silica gel column. 2 , -Deoxy-2'-methylene-6-/v'-(4-f- 
butylbenzoyl)-adenosine (1.8 g, 4.3 mmol, 74%) was eluted with 10% 
MeOH in CH 2 CI 2 . 

20 Example 79: 5 , -0-DMT-2'-Deoxv-2 , -Methvlene-6-/^f4-/-Butylhfin 7n yl). 
Adenosine (29^ 

2'-Deoxy-2'-methylene-6-A/-(4-f-butylbenzoyl)-adenosine (0.75 g, 
1.77 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.66 g, 1.98 mmo|) in pyridine (10 mL). was added dropwise over 15 m. 

25 The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was 
added to quench the reaction. The mixture was concentrated in vacuo and 
the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHCC>3, 
water and brine. The organic extracts were dried over MgS04, 
concentrated in vacuo and purified over a silica gel column using 50% 

30 EtOAc:hexanes as an eluant to yield 29 (0.81 g, 1 .1 mmol, 62%). 

Example 80: 5'-0-DMT-2'-Deoxy-2 , -Methvlene.fi-A^r4-/-Bnty lhftn7n Y i)- 
Adenosine 3'-(2-Cvanoethyl A/.M-diisoprop vlphosphnramiditel (31) 

1-(2 , -Deoxy-2'-methylene-5 , -0-dimethoxytrityl-p-D-ribofuranosyl)-6-A/- 
(4-f-butylbenzoyl)-adenine 29 dissolved in dry CH 2 CI 2 (15 mL) was placed 
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in a round bottom flask under Ar. Diisopropylethylamine was added, 
followed by the dropwlse addition of 2-cyanoethyl N,N- 
diisopropylchlorophosphoramidite. The reaction mixture was stirred 2 h at 
RT and quenched with ethanol (1 mL). After 10 m the mixture was 
5 evaporated to a syrup in vacuo (40 °C). The product was purified by flash 
chromatography over silica gel using 30-50% EtOAc gradient in hexanes, 
containing 1% triethylamine, as eluant (0.7 g, 0.76 mmol, 68%). Rf 0.45 
(CH 2 CI 2 :MeOH/20:1) 

Example 81 : 2'-Deoxv-2'-Difluoromethvlene-3'.5 '-Q-rr6traisnproDvldisilox- 
10 ane-1.3-divn-6-AH4-f-ButvlbenzovlWVdenosine 

2'-Keto-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-f-butyl- 
benzoyl)-adenosine 28 (6.7 g, 10 mmol) and triphenylphosphine (2.9 g, 11 
mmol ) were dissolved in diglyme (20 mL), and heated to a bath 
temperature of 160 °C. A warm (60 °C) solution of sodium 
15 chlorodifluoroacetate (2.3 g, 15 mmol) in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of ~1 h. The 
resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2'- 

Deoxy^'-difluoromethylene-S'.S'-O-Oetralsopropyldisiloxane-I.S-diyO-e-A/- 
20 (4-f-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol, 64%) eluted with 15% 
hexanes in EtOAc. 

Example 82: ^-Deoxv^'-Difluoro methvlene-e-AA-^-f-Butv lhflnTnY' )- 
Adenosine 

2'-Deoxy-2'-difluoromethylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3- 
25 diyl)-6-/V-(4-f-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol) dissolved in THF 
(20 mL) was treated with 1 M TBAF in THF (10 mL) for 20 m and 
concentrated in vacuo. The residue was triturated with petroleum ether 
and chromatographed on a silica gel column. 2'-Deoxy-2*-difluoromethyl- 
. ene-6-/V-(4-f-butylbenzoyl)-adenosine (2.3 g, 4.9 mmol, 77%) was eluted 
30 with 20% MeOH in CH 2 CI 2 . 

Example 83: 5 , -ODIv1T-2'-Deoxv.2'- Difluoromftthylfine-6-A/.r4-/.R l rtyi. 
benzovn-Ad enosine (301 

2'-Deoxy.2'-difluoromethylene-6-A/-(4-f-butylbenzoyl)-adenosine (2.3 
g, 4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI in 
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pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHCC>3, water and brine. The 
5 organic extracts were dried over MgS0 4 , concentrated in vacuo and 
purified over a silica gel column using 50% EtOAc:hexanes as eluant to 
yield 30 (2.6 g, 3.41 mmol, 69%). 

Example 84: 5'-0-DMT-2 , .Deoxv -2'~Difluoromethvlene-6-AAM.f-Rnt Y l- 
benzovu-Adenosine 3'-(2-Cvanoethvl N. AZ -diisopronvlphosphoramiriit^ 
10 (32) 

1-(2 , -Deoxy-2'-difluoromethylene-5 , -0-dimethoxytrityl-p-D-ribofurano- 
syl)-6-/V-(4-f-butylbenzoyl)-adenine 30 (2.6 g, 3.4 mmol) dissolved in dry 
CH 2 CI 2 (25 mL) was placed in a round bottom flask under Ar. 
Diisopropylethylamine (1.2 mL, 6.8 mmol) was added, followed by the 

15 dropwise addition of 2-cyanoethyl ty/V-diisopropylchlorophosphoramidite 
(1.06 mL, 4.76 mmol). The reaction mixture was stirred 2 h at RT and 
quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 °C). 32 (2.3 g, 2.4 mmol, 70%) was purified by flash 
column chromatography over silica gel using 20-50% EtOAc gradient in 

20 hexanes, containing 1% triethylamine, as eluant. Rf 0.52 (CH 2 CI 2 : MeOH / 
15:1). 

Example 85: 2'-Deoxv-2'-Metho xvcarbonvlmethvlidine-a'.R'.Q.fTetraisn- 
propvldisiloxane-1 .3-diyD-Uridine (33) 

Methyl(triphenylphosphoranylidine)acetate (5.4 g, 16 mmol) was 
25 added to a solution of 2*-keto-3 , ,5'-0-(tetraisopropyl disiloxane-1 ,3-diyl)- 
uridine 14 in CH2CI2 under argon. The mixture was left to stir at RT for 30 
h. CH 2 CI 2 (100 mL) and water were added (20 mL), and the solution was 
neutralized with a cooled solution of 2% HCI. The organic layer was 
washed with H 2 0 (20 mL), 5% aq. NaHCO a (20 mL), H 2 0 to neutrality, and 
30 brine (10 mL). After drying (Na 2 S0 4 ), the solvent was evaporated in vacuo 
to give crude product, that was chromatographed on a silica gel column. 
Elution with light petroleum ethenEtOAc / 7:3 afforded pure 2'-deoxy-2'- 

methoxycarbonylmethylidine-S'.S'-O-Oetraisopropyldisiloxane-I.S-diyl)- 
uridine 33 (5.8 g, 10.8 mmol, 67.5%). 
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Example 86: 2'-Deoxv-2'-Methoxvcarbonvlm ethvlidine-Uridinft (34) 

Et3N»3 HF (3 mL) was added to a solution of 2'-deoxy-2'-methoxy- 
carboxylmethylidine-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)-uridine 33 
(5 g, 9.3 mmol) dissolved in CH2CI2 (20 mL) and Et 3 N (15 mL). The 
5 resulting mixture was evaporated in vacuo after 1 h and chromatographed 
on a silica gel column eluting 2'-deoxy-2'-methoxycarbonylmethylidine- 
uridine 34 (2.4 g, 8 mmol, 86%) with THRCH2CI2 /4:1. 

Example 87: S'-O-DMT^'-Deoxv^'-Methoxvcarbonv lmethvlidinfi-l Iridic 
(35) 

10 2'-Deoxy-2'-methoxycarbonylmethyIidine-uridine 34 (1.2 g, 4.02 

mmol) was dissolved in pyridine (20 mL). A solution of DMT-CI (1.5 g, 4.42 
mmol) in pyridine (10 mL) was added dropwise over 15 m. The resulting 
mixture was stirred at RT for 12 h and MeOH (2 mL) was added to quench 
the reaction. The mixture was concentrated in vacuo and the residue taken 

15 up in CH 2 CI 2 (100 mL) and washed with sat. NaHC0 3 , water and brine. 
The organic extracts were dried over MgS04, concentrated in vacuo and 
purified over a silica gel column using 2-5% MeOH in CH 2 CI 2 as an eluant 
to yield S'-O-DMT^'-deoxy^'-methoxycarbonylmethylidine-uridine 35 
(2.03 g, 3.46 mmol, 86%). 

20 Example 88: S'-O-DMT^ '.Deoxv^'.Methoxvcarbnnvlmethvliriinft-l » r iHi P B 
3 , -(2-cvanoethvl-/V./V-diis oproDvlphosphoramiditel (36^ 

1-(2'-Deoxy-2 , -2 , -methoxycarbonylmethylidine-5'-0-dimethoxytrityl-p- 
D-ribofuranosyl)-uridine 35 (2.0 g, 3.4 mmol) dissolved in dry CH 2 CI 2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 

25 (1 .2 mL, 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl A/./V-diisopropylchlorophosphoramidite (0.91 mL, 4.08 mmol). 
The reaction mixture was stirred 2 h at RT and quenched with ethanol (1 
mL). After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). 
5'-0-DMT-2'-deoxy-2'-methqxycarbonylmethylidine-uridine 3'-(2- 

30 cyanoethyl-A/,A/-diisopropylphosphoramidite) 36 (1.8 g, 2.3 mmol, 67%) 
was purified by flash column chromatography over silica gel using a 30- 
60% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.44 (CH 2 CI 2 :MeOH / 9.5:0.5). 
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Example 89: 2 , -Deoxv-2'-Carboxvmethvlidine-3 , .5 , -0-fTetraisoprQpyldi- 
siloxane-1.3-divO-Uridine 37 

2 , -Deoxy-2 , -methoxycarbonylmethylidine-3 , l 5 , -0-(tetraisopropyldi- 
siloxane-1 ,3-diyl)-uridine 33 (5,0 g, 10.8 mmol) was dissolved in MeOH 
5 (50 mL) and 1 N NaOH solution (50 mL) was added to the stirred solution 
at RT. The mixture was stirred for 2 h and MeOH removed in vacuo. The 
pH of the aqueous layer was adjusted to 4.5 with 1N HCI solution, 
extracted with EtOAc (2 x 100 mL), washed with brine, dried over MgSCU 
and concentrated in vacuo to yield the crude acid. 2'-Deoxy-2'- 
1 0 carboxymethylidine-S'.S'-O-^etraisopropyldisiloxane-l ,3-diyl)-uridine 37 
(4.2 g, 7.8 mmol, 73%) was purified on a silica gel column using a gradient 
of 10-15% MeOH in CH 2 CI 2 . 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
15 or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et at. PCT WO 94/02595. 

Oligonucleotides with 3' and/or 5' Dihal ophosphonate 

20 This invention synthesis and uses 3' and/or 5' dihalophosphonate-, 

e.g., 3' or 5'-CF 2 -phosphonate-, substituted nucleotides that maintain or 
enhance the catalytic activity and/or nuclease resistance of an enzymatic or 
antisense molecule. 

As the term is used in this application, 5'- and/or 3'- 
25 dihalophosphonate nucleotide containing ribozymes, deoxyribozymes (see 
Usman et aL, PCT/US94/11649, incorporated by reference herein), and 
chimeras of nucleotides, are catalytic nucleic molecules that contain 5- 
and/or 3-dihalophosphonate nucleotide components replacing, but not 
limited to, double-stranded stems, single-stranded, "catalytic core" 
30 sequences, single-stranded loops or single-stranded recognition 
sequences. These molecules are able to cleave (preferably, repeatedly 
cleave) separate RNA or DNA molecules in a nucleotide base sequence 
specific manner. Such catalytic nucleic acids can also act to cleave 
intramolecularly if that is desired. Such enzymatic molecules can be 
35 targeted to virtually any RNA or DNA transcript. This invention concerns 
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nucleic acids formed of standard nucleotides, or modified nucleotides, 
which also contain at least one S'-dihalophosphonate and/or one 3'- 
dihalophosphonate group. 

The synthesis of 1-0-Ac-2,3-di-0-Bz-D-ribofuranose 5-d- 
5+dihalomethylphosphonate in three steps from 1-0-methyl-2,3-O 
isopropylidene-B-D-ribofuranose 5-deoxy-5-dihalomethylphosphonate is 
described (e.g., for the difluoro, in Figure 87). Condensation of this suitably 
derivatized sugar with silylated pyrimidines and purines affords novel 
nucleoside S'-deoxy-S'-dihalomethylphosphonates. These intermediates 
may be incorporated into catalytic or antisense nucleic acids by either 
chemical (conversion of the nucleoside 5'-deoxy-5'- 
dihalomethylphosphonates into suitably protected phosphoramidites 12a 
or solid supports 12b, e.g., Figure 88) or enzymatic means (conversion of 
the nucleoside S'-deoxy-S'-dihalomethylphosphonates into their 
triphosphates, e.g., 14 Figure 89, for T7 transcription). 

Thus, in one aspect the invention features 5' and/or 3'- 
dihalonucleotides and nucleic acids containing such 5' and/or 3- 
dihalonucleotides. The general structure of such molecules is shown 
below. 

• ? 

(R 3°>2 PCX 2\ d R 2\ „ (R 3 0) 2 PCX 2 >. 



where R.j is H, OH, or R, where R is a hydroxyl protecting group, e.g., 
acyl, alkysilyl, or carbonate; each R 2 is separately H, OH, or R; each R 3 is 
separately a phosphate protecting group, e.g., methyl, ethyl, cyanoethyl, p- 
nitrophenyl, or chlorophenyl; each X is separately any halogen; and each B 
is any nucleotide base. 

The invention in particular features nucleic acid molecules having 
such modified nucleotides and enzymatic activity. In a related aspect the 
invention features a method for synthesis of such nucleoside 5'-deoxy-5'- 
dihalo and/or 3'-deoxy-3'-dihalophosphonates by condensing a 




(R 3 0) 2 P=0 



(R 3 O) 2 P=0 
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dihalophosphonate-containing sugar with a pyrimidine or a purine under 
conditions suitable to form a nucleoside 5'-deoxy-5'-dihalophosphonate 
and/or a 3'-deoxy-3'-dihalophosphonate. 

Phosphonic acids may exhibit important biological properties 
5 because of their similarity to phosphates (Engel, Chem. Rev. 1977, 77, 
349-367). Blackburn and Kent (J. Chem. Soc, Perkin Trans. 1986, 913- 
917) indicate that based on electronic and steric considerations _-fluoro 
and _,_-difluoromethylphosphonates might mimic phosphate esters better 
than the corresponding phosphonates. Analogues of pyro- and 

1 0 triphosphates 1 , where the bridging oxygen atoms are replaced by a 
difluoromethylene group, have been employed as substrates in enzymatic 
processes (Blackburn ef a/., Nucleosides & Nucleotides 1985, 4, 165-167; 
Blackburn et a/ M Chem. Scr. 1986, 26, 21-24). 9-(5,5-Difluoro-5- 
phosphonopentyl)guanine (2) has been, utilized as a multisubstrate 

15 analogue inhibitor of purine nucleoside phosphorylase (Halazy ef a/., J. 
Am. Chem. Soc. 1991, 113, 315-317). Oligonucleotides containing 
methylene groups in place of phosphodiester 5'-oxygens are resistant 
toward nucleases that cleave phosphodiester linkages between 
phosphorus and the 5'-oxygen (Breaker et a/., Biochemistry 1993, 32, 

20 9125-9128), but can still form stable complexes with complementary 
sequences. Heinemann et al. (Nucleic Acids Res. 1991, 19, 427-433) 
found that a single 3'-methylenephosphonate linkage had a minor 
influence on the conformation of a DNA octamer double helix. 
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NH 2 




1 



O 



(HO) 2 OPCF 2 ' 




2 



(ETO) 2 POCF 2 Li 
3 

One common synthetic approach to cc.a-difluoro-alkylphosphonates 
features the displacement of a leaving group from a suitable reactive 
substrate by diethyl (lithiodifluoromethyl)phosphonate (3) (Obayashi et ai, 
5 Tetrahedron Lett. 1982, 23, 2323-2326). However, our attempts to 
synthesize nucleoside 5'-deoxy-5'-difluoro-methylphosphonates from 5'- 
deoxy-5'-iodonucle'osides using 3 were unsuccessful, i.e. starting 
compounds were quantitatively recovered. The reaction of nucleoside 5'- 
aldehydes with 3, according to the procedure of Martin et a/. (Martin et ai, 
10 Tetrahedron Lett. 1992, 33. 1839-1842), led to a complex mixture of 
products. Recently, the synthesis of sugar a,a-difluoroalkylphosphonates 
from primary sugar triflates using 3 was described (Berkowitz etal., J. Org. 
Chem. 1993, 58, 6174-6176). Unfortunately, our experience' is that 
nucleoside 5 -trifiates are too unstable to be used in these syntheses. 

15 The following are non-limiting examples showing the synthesis of 

nucleoside 5'-deoxy-5'-difluoromethyl-phosphonates. Those in the art will 
recognize that equivalent methods can be readily devised based upon 
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these examples. These examples demonstrate that it is possible to 
achieve synthesis of 5'-deoxy-5'-difluoro derivatives in good yield and thus 
guide those in the art to such equivalent methods. The examples also 
indicate utility of such synthesis to provide useful oligonucleotides as 
5 described above. 

Those in the art will recognize that useful modified enzymatic nucleic 
acids can now be designed, much as described by Draper et al., 
PCT/US94/13129 hereby incorporated by reference herein (including 
drawings). 

10 Example 90: Synthesis of Nucleoside 5'-Deoxy.R'. 
difluoromethvlphosphonates 

Referring to F'g- 87, we synthesized a suitable glycosylating agent 
from the known D-ribose a,<x-difluoromethylphosphonate (4) (Martin et al., 
Tetrahedron Lett. 1992, 33, 1839-1842) which served as a key 
15 intermediate for the synthesis of nucleoside 5'- 
difluoromethylphosphonates. 

Methyl 2,3-O-isopropylidene-0-D-ribofuranose a,a- 
difluoromethylphosphonate (4) was synthesized from the 5-aldehyde 
according to the procedure of Martin et al. {Tetrahedron Lett. 1992, 33, 

20 1839-1842) (Figure 87). Removal of the isopropylidene group was 
accomplished under mild conditions (l 2 -MeOH, reflux, 18 h (Szarek et al.. 
Tetrahedron Lett. 1986, 27, 3827) or Dowex 50 WX8 (H+), MeOH, RT 
(about 20-25°C), 3 days) in 72% yield. The anomeric mixture thus 
obtained was benzoylated with benzoyl chloride/pyridine to afford the 2,3- 

25 di-O-benzoyl derivative, which was subjected to mild acetolysis conditions 
(Walczak etal., Synthesis, 1993. 790-792) (Ac 2 0, AcOH, H 2 S0 4 , EtOAc, 
0°C. The desired 1-0-acetyl-2,3-di-0-benzoyl-D-ribofuranose 
difluoromethylphosphonate (5) was obtained in quantitative yield as an 
anomeric mixture. These derivatives were used for selective glycosylate 

30 of silylated uracil and N 4 -acetylcytosine under VorbrOggen conditions 
(VorbrOggen, Nucleoside Analogs. Chemistry, Biology and Medical 
Applications, NATO ASI Series A, 26, Plenum Press, New York, London, 
1980; pp. 35-69. The use of F 3 CS0 2 OSi(CH3)3 a! * a glycosylate 
catalyst is precluded because it is expected to lead to the undesired 1- 

35 ethyluracil or 9-ethyladenine byproducts: Podyukova, etal., Tetrahedron 
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Lett. 1987, 28, 3623-3626 and references cited therein) (SnCI 4 as a 
catalyst, boiling acetonitrile) to yield p-nucleosides (62% 6a, 75% 6b). 
Glycosylation of silylated N 6 -benzoyladenine under the same conditions 
yielded a mixture of N-9 isomer 6c and N-7 isomer 7 in 34% and 15% 
5 yield, respectively. The above nucleotides were successfully deprotected 
using trimethylsilylbromide for the cleavage of the ethyl groups, followed by 
treatment with ammonia-methanol to remove the acyl protecting groups. 
Nucleoside 5'-deoxy-5'-difluoromethylphosphonates 8 were finally 
purified on a DEAE Sephadex A-25 (HC0 3 ") column using a 0.01-0.25 M 
1 0 TEAB gradient for elution and obtained as their sodium salts (82% 8a; 87% 
8b; 82% 8c). 

Selected analytical data: 31 P-NMR ( 31 P) and 1 H-NMR ( 1 H) were 
recorded on a Varian Gemini 400. Chemical shifts in ppm refer to H3PO4 
and TMS, respectively. Solvent was CDCI3 unless otherwise noted. 5: 1 H 

1 5 5 8.07-7.28 (m, Bz), 6.66 (d, >2 4.5, aH1), 6.42 (s, pH1), 5.74 (d, J 2|3 4.9, 
PH2), 5.67 (dd, J 3|2 4.9, J 3|4 6.6, 0H3), 5.63 (dd, J 32 6.7, J 3 4 3.6, aH3), 
5.57 (dd, J 2f1 4.5, J 2>3 6.7, aH2), 4.91 (m, H4), 4.30 (m, CW 2 CH 3 ), 2.64 (m, 
CH 2 CF 2 ), 2.18 (s, pAc), 2.12 (s, ocAc), 1.39 (m, CH 2 CH 3 ). 31 P 8 7.82 (t, 
J P|F 105.2), 7.67 (t, J P F 106.5). 6a: 1 H 6 9.11 (s, 1H, NH), 8.01 (m, 11H, 

20 Bz, H6), 5.94 (d, J r>2 « 4.1, 1H, H1'), 5.83 (dd, J 5 6 8.1, 1H, H5), 5.79 (dd, 
J 2',1' 4.1, J 2 ' |3 « 6.5, 1H, H2'), 5.71 (dd, J 3 . ?2 . 6.6,^.4. 6.4, 1H, H3'), 4.79 
(dd, J 4 . f3 . 6.4, J 4 . F 11.6, 1H, H4 1 ), 4.31 (m, 4H, CH 2 CH 3 ), 2.75 (tq, J HF 
19.6, 2H, CH 2 CF 2 ), 1.40 (m, 6H, CH 2 CH 3 ). 31 P 5 7.77 (t, J P F 104.0). 8c: 
31 P ( vs DSS) (D 2 0) 5 5.71 (t, J P F 87.9). 

25 Compound 7 was deacylated with methanolic ammonia yielding the 

product that showed (H 2 0) 271 nm and 233 nm, confirming that 
the site of glycosylation was N-7. 

Example 91:Svnthesis of Nucleic Acids Containing Modified Nucleotide 
Containing Cores 

30 The method of synthesis used follows the procedure for normal RNA 

synthesis as described in Usman et a/., J. Am. Chem. Soc. 1987, 1 09, 
7845-7854 and in Scaringe et al. t Nucleic Acids Res. 1990, 18 t 5433-5441 
and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5-end, and phosphoramidites at the 3-end 

35 (Figure 88 and Janda et a/., Science 1989, 244:437-440.). These 
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nucleoside S'-deoxy-S'-difluoromethylphosphonates may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group 1 or Group 2 introns, or into antisense oligonucleotides. They 
are, therefore, of general use in any nucleic acid structure. 

5 Example 92: Synthesis of Modified Triphosphate 

The triphosphate derivatives of the above nucleotides can be formed 
as shown in Fig. 89 . according to known procedures. Nucleic Acid Chem., 
Leroy B. Townsend, John Wiley & Sons, New York 1991, pp. 337-340; 
Nucleotide Analogs, Karl Heinz Scheit; John Wiley & Sons New York 1980, 
10 pp. 211-218. 

Equivalent synthetic schemes for 3' dihalophosphonates are shown in 
Figures 90 and 91 using art recognized nomenclature. The conditions can 
be optimized by standard procedures. 

The nucleoside dihalophosphonates described herein are 
15 advantageous as modified nucleotides in any nucleic acid structure, e.g., 
catalytic or antisense, since they are resistant to exo- and endonucleases 
that normally degrade unmodified nucleic acids in vivo. They also do not 
perturb the normal structure of the nucleic acid in which they are 
incorporated thereby maintaining any activity associated with that structure. 
20 These compounds may also be of use as monomers as antiviral and/or 
antitumor drugs. 

Oligonucleotides with Amido or Peptido Modification 

This invention replaces 2-hydroxyl group of a ribonucleotide moiety 
with a 2-amido or 2 , -peptido moiety. In other embodiments, the 3' and 5* 
25 portions of the sugar of a nucleotide may be substituted, or the phosphate 
group may be substituted with amido or peptido moieties. Generally, such 
a nucleotide has the general structure shown in Formula I below: 
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FORMULA I 

The base (B) is any one of the standard bases or is a modified 
nucleotide base known to those in the art, or can be a hydrogen group. In 
5 addition, either R-| or R£ is H or an alky!, alkene or alkyne group containing 
between 2 and 10 carbon atoms, or hydrogen, an amine (primary, 
secondary or tertiary, e^, R3NR4 where each R3 and R4 independently is 
hydrogen or an alkyl, alkene or alkyne having between 2 and 10 carbon 
atoms, or is a residue of an amino acid, Le^., an amide), an alkyl group, or 
10 an amino acid (D or L forms) or peptide containing between 2 and 5 amino 
acids. The zigzag lines represent hydrogen, or a bond to another base or 
other chemical moiety known in the art. Preferably, one of R1 , R2 and R3 is 
an H, and the other is an amino acid or peptide. 

Applicant has recognized that RNA can assume a much more 
15 complex structural form than DNA because of the presence of the 2'- 
hydroxyl group in RNA. This group is able to provide additional hydrogen 
bonding with other hydrogen donors, acceptors and metal ions within the 
RNA molecule. Applicant now provides molecules which have a modified 
amine group at the 2' position, such that significantly more complex 
20 structures can be formed by the modified oligonucleotide. Such 
modification with a 2 , -amido or peptido group leads to expansion and 
enrichment of the side-chain hydrogen bonding network. The amide and 
peptide moieties are responsible for complex structural formation of the 
oligonucleotide and can form strong complexes with other bases, and 
25 interfere with standard base pairing interactions. Such interference will 
allow the formation of a complex nucleic acid and protein conglomerate. 
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Oligonucleotides of this invention are significantly more stable than 
existing oligonucleotides and can potentially form biologically active 
bioconjugates not previously possible for oligonucleotides. They may also 
be used for in vitro selection of unique aptamers, that is, randomly 
5 generated oligonucleotides which can be folded into an effective ligand for 
a target protein, nucleic acid or polysaccharide. 

Thus, in one aspect, the invention features an oligonucleotide 
containing the modified base shown in Formula I, above. 

In other aspects, the oligonucleotide may include a 3' or 5' nucleotide 
10 having a 3' or 5' located amino acid or aminoacyl group. In all these 
aspects, as well as the 2-modified nucleotide, it will be evident that various 
standard modifications can be made. For example, an "0° may be 
replaced with an S, the sugar may lack a base (i.e., abasic) and the 
phosphate moiety may be modified to include other substitutions (see 
1 5 Sproat, supra). 

Example 93: General proced ure for the preparation nf 2'-aminoaryl.9'- 
deoxv-2'-aminon ucleoside conjugates. 

Referring to Fig- 92, to the solution of 2'-deoxy-2'-amino nucleoside (1 
mmol) and N-Fmoc L- (or D-) amino acid (1 mmol) in methanol 

20 [dimethylformamide (DMF) and tetrahydrofuran (THF) can also be used], 1- 
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ) [or 1- 
isobutyloxycarbonyl-2-isobutyloxy-1,2-dihydroquinoline (IIDQ)] (2 mmol) is 
added and the reaction mixture is stirred at room temperature or up to 50 
*C from 3-48 hours. Solvents are removed under reduced pressure and 

25 the residual syrup is chromatographed on the column of silica-gel using 1- 
10 % methanol in dichloromethane. Fractions containing the product are 
concentrated yielding a white foam with yields ranging from 85 to 95 %. 
Structures are confirmed by NMR spectra of conjugates which show 
correct chemical shifts for nucleoside and aminoacyl part of the molecule. 

30 Further proofs of the structures are obtained by cleaving the aminoacyl 
protecting groups under appropriate conditions and assigning 1H NMR 
resonances for the fully deprotected conjugate. 



35 



Partially protected conjugates described above are converted into 
their 5'-0-dimethoxytrityl derivatives and into 3'-phosphoramidites using 
standard procedures (Oligonucleotide Synthesis: A Practical Approach, 
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MJ. Gait e<±; IRL Press, Oxford, 1984). Incorporation of these 
phosphoramidites into RNA was performed using standard protocols 
(Usman et ai t 1987 supra). 

A general deprotection protocol for oligonucleotides of the present 
5 invention is described in Fig. 93 . 

The scheme shows synthesis of conjugate of 2'-d-2'-aminouridine. 
This is meant to be a non-limiting example, and those skilled in the art will 
recognize that, variations to the synthesis protocol can be readily 
generated to synthesize other nucelotides (e.g., adenosine, cytidine, 
1 0 guanosine) and/or abasic moieties. 

Example 94: RNA cleavage bv hammerhead ribozymes containing P'- 
aminoacvl modifications. 

Hammerhead ribozymes targeted to site N (see Fig. 94) are 
synthesized using solid-phase synthesis, as described above. U4 and U7 
15 positions are modified, individually or in combination, with either 2-NH- 
alanine or 2'-NH-lysine. 

RNA cleavage assay in vitro: Substrate RNA is 5' end-labeled using 
[ r 32pj ATP and T4 polynucleotide kinase (US Biochemicals). Cleavage 
reactions were carried out under ribozyme "excess" conditions. Trace 

20 amount (< 1 nM) of 5' end-labeled substrate and 40 nM unlabeled 
ribozyme are denatured and renatured separately by heating to 90°C for 2 
min and snap-cooling on ice for 10-15 min. The ribozyme and substrate 
are incubated, separately, at 37°C for 10 min in a buffer containing 50 mM 
Tris-HCI and 10 mM MgCl2. The reaction is initiated by mixing the 

25 ribozyme and substrate solutions and incubating at 37°C. Aliquots of 5 |xl 
are taken at regular intervals of time and the reaction is quenched by 
mixing with equal volume of 2X formamide stop mix. The samples are 
resolved on 20 % denaturing polyacrylamide gels. The results are 
quantified and percentage of target RNA cleaved is plotted as a function of 

30 time. 

Referring to Fio. 95. hammerhead ribozymes containing 2'-NH- 
alanine or 2-NH-lysine modifications at U4 and U7 positions cleave the 
target RNA efficiently. 
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Sequences listed in Figure 94 and the modifications described in 
Figure 95 are meant to be non-limiting examples. Those skilled in the art 
will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing 
5 other 2*-hydroxyl group modifications, including but not limited to amino 
acids, peptides and cholesterol, can be readily generated using techniques 
known in the art, and are within the scope of the present invention. 

Example 95: Aminoacvlation of 3'-ends of RNA 

I. Referring to Fig. 96. 3-OH group of the nucleotide is converted to 
1 0 succinate as described by Gait, supra. This can be linked with amino-alkyl 
solid support (for example: CpG). Zig-zag line indicates linkage of 3'OH 
group with the solid support. 

1L Preparation of aminoacyl-derivatized solid support 

A) Synthesis of O-Dimethoxvtrityl (O-DMTl amino acids 

15 Referring to Fio. 97. to a solution of L- (or D-) serine, tyrosine or 

threonine (2 mmol) in dry pyridine (15 ml) 4,4 , -dimethoxytrityl chloride (3 
mmol) is added and the reaction mixture is stirred at RT (about 20-25°C) for 
16 h. Methanol (10 ml) is then added and the solution evaporated under 
reduced pressure. The residual syrup was partitioned between 5% aq. 

20 NaHC03 and dichloromethane, organic layer was washed with brine, dried 
(Na2S04) and concentrated in vacuo. The residue is purified by flash 
silicagel column chromatography using 2-10% methanol in 
dichloromethane (containing 0.5 % pyridine). Fractions containing product 
are combined and concentrated in vacuo to yield white foam (75-85 % 

25 yield). 

B) Preparation of the solid support and its derivatization with amino acids 

Referring to Fig. 97, the modified solid support (has an OH group 
instead of the standard NH2 end group) was prepared according to 
Haralambidis et al., Tetrahedron Lett. 1987, 28, 5199, (P denotes 
30 aminopropyl CPG or polystyrene type support). O-DMT or NH- 
monomethoxytrityl (NH-MMT amino acid was attached to the above solid 
support using standard procedures for derivatization of the solid support 
(Gait, 1984, supra) creating a base-labile ester bond between amino acids 
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and the support. This support is suitable for the construction of RNA/DNA 
chain using suitably protected nucleoside phosphoramidites. 

Example 96: Aminoacylation of 5-ends of RNA 

I. Referring to Fig. 98. 5'-amino-containing sugar moiety was 
5 synthesized as described (Mag and Engels, 1989 Nucleic Acids Res. 17, 

5973). Aminoacylation of the 5'-end of the monomer was achieved as 
described above and RNA phosphoramidite of the S'-aminoacylated 
monomer was prepared as described by Usman etai, 1987 supra. The 
phosphoramidite was then incorporated at the 5'-end of the oligonucleotide 
1 0 using standard solid-phase synthesis protocols described above. 

II. Referring to Fig. 99 . aminoacyl group(s) is attached to the phosphate 
group at the 5'-end of the RNA using standard procedures described 
above. 

VII. Reversing Genetic Mutations 

1 5 Modification of existing nucleic acid sequences can be achieved by 

homologous recombination. In this process a transfected sequence 
recombines with homologous chromosomal sequences and can replace 
the endogenous cellular sequence. Boggs, 8 International J. Cell Cloning 
80, 1990, describes targeted gene modification. It reviews the use of 

20 homologous DNA recombination to correct genetic defects. Banga and 
Boyd, 89 Proc. Natl. Acad. Sci. U.S.A. 1735, 1992, describe a specific 
example of in vivo site-directed mutagenesis using a 50 base 
oligonucleotide. In this methodology a gene or gene segment is 
essentially replaced by the oligonucleotide used. 

25 This invention uses a complementary oligonucleotide to position a 

nucleotide base changing activity at a particular site on a gene (RNA or 
genomic DNA), such that the nucleotide modifying activity will change (or 
revert) a mutation to wild-type, or its equivalent. By reversion or change of 
a mutation, we refer to reversion in a broad sense, such as when a 

30 mutation at a second site which leads to functional reversion to a wild type 
phenotype. Also, due to the degeneracy of the genetic code, a revertant 
may be achieved by changing any one of the three codon positions. 
Additionally, creation of a stop codon in a deleterious gene (or transcript) is 
defined here as reverting a mutant phenotype to wild-type. An example of 
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this type of reversion is creating a stop codon in a critical HIV proviral gene 
in a human. 

Referring to Figures 100 and 101 . broadly there are two approaches 
to causing a site directed change in order to revert a mutation to wild-type. 
5 In one (Fig. 100) the oligonucleotide is used to target RNA specifically. 
RNA is provided with a complementary (Watson-crick) oligonucleotide 
sequence to that in the target molecule. In this case the sequence 
modifying oligonucleotide would (analogously to an antisense 
oligonucleotide or ribozyme) have to be continuously present to revert the 
10 RNA as it is made by the cell. Such a reversion would be transient and 
would potentially require continuous addition of more sequence modifying 
oligonucleotide. The transient nature of this approach is an advantage, in 
that treatment could be stopped by simply removing the sequence 
modifying oligonucleotide (as with a traditional drug). 

15 A second approach targets DNA (Fig. 101) and has the advantage 

that changes may be permanently encoded in the target cell's genetic 
code. Thus, a single course (or several courses) of treatment may lead to 
permanent reversion of the genetic disease. If inadvertent chromosomal 
mutations are introduced this may cause cancer, mutate other genes, or 

20 cause genetic changes in the germ-line (in patients of reproductive age). 
However, if the base changing activity is a specific methylation that may 
modulate gene expression it would not necessarily lead to germ-line 
transmission. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY pp 
493-496. 

25 Complementary base pairing to single-stranded DNA or RNA is one 

method of directing an oligonucleotide to a particular site of DNA. This 
could occur by a strand displacement mechanism or by targeting DNA 
when it is single-stranded (such as during replication, or transcription). 
Another method is using triple-strand binding (triplex formation) to double- 

30 stranded DNA, which is an established technique for binding poly- 
pyrimidine tracts, and can be extended to recognize all 4 nucleotides. See 
Povsic, T., Strobel, S„ & Dervan, P. (1992). Sequence-specific double- 
strand alkylation and cleavage of DNA mediated by triple-helix formation. 
J, Am, Chem. $oc. 114, 5934-5944 (1992). Knorre, D.G., Valentin, V.V., 

35 Valentina, F.Z., Lebedev, A.V. & Federova, O.S. Design and targeted 
reactions of oligonucleotide derivatives 1-366 (CRC Press, Novosibirsk, 
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1993) describe conjugation of reactive groups or enzyme to 
oligonucleotides and can be used in the methods described herein. 

Recently, antisense oligonucleotides have been used to redirect an 
incorrect splice into order to obtain correct splicing of a splice mutant globin 
5 gene in vitro. Dominski 2; Kole R (1993) Restoration of correct splicing in 
thalassemia pre-mRNA by antisense oligonucleotides. Proc Natl Acad Sri 
USA 90:8673-7. Analogously, in one preferred embodiment of this 
invention a complementary oligomer is used to correct an existiing mutant 
RNA, instead of the traditional approach of inhibiting that RNA by 
1 0 antisense. 

In either the RNA or DNA mode, after binding to a particular site on the 
RNA or DNA the oligonucleotide will modify the nucleic acid sequence. 
This can be accomplished by activating an endogenous enzyme (see 
Figure 102), by appropriate positioning of an enzyme (or ribozyme) 
15 conjugated (or activated by the duplex) to the oligonucleotide, or by 
appropriate positioning of a chemical mutagen. Specific mutagens, such as 
nitrous acid which deaminates C to U, are most useful, but others can also 
be used if inactivation of a harmful RNA is desired. 

RNA editing is an naturally occurring event in mammalian cells in 
20 which a sequence modifying activity edits a RNA to its proper sequence 
post-transcriptionally. Higuchi, M.„ Single, R, Kohler, M., Sommer, B., and 
Seeburg, P. (1993) RNA Editing of AMPA Receptor Subunit GluR-B: A 
base-paired intron-exon structure determines position and efficiency QeJl 
75:1361-1370. The machinery involved in RNA editing can be co-opted by 
25 a suitable oligonucleotide in order to promote chemical modification. 

The changes in the base created by the methods of this invention 
cause a change in the nucleotide sequence, either directly, or after DNA 
repair by normal cellular mechanisms. These changes functionally correct 
a genetic defect or introduce a stop codon. Thus, the invention is distinct 
30 from techniques in which an active chemical group (e.g., an alkylator) is 
attached to an antisense or triple strand oligonucleotide in order to 
chemically inactivate the target RNA or DNA. 

Thus, this invention creates an alteration to. an existing base in a 
nucleic acid molecule so that the base is read in vivo as a different base. 
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This includes correcting a sequence instead of inactivating a gene but can 
also include inactivating a deleterious gene. 

Thus, in one aspect, the invention features a method for altering in 
yjyo the nucleotide base sequence of a naturally occurring mutant nucleic 
acid molecule. The method includes contacting the nucleic acid molecule 
in VIVO with an oligonucleotide or peptide nucleic acid or other sequence 
specific binding molecules able to form a duplex or triplex molecule with 
the nucleic acid molecule. After formation of the duplex or triplex molecule 
a base modifying activity chemically or enzymatically alters the targeted 
base directly, or after nucleic acid repair in vivo. This results in the 
functional alteration of the nucleic acid sequence. 

By "alter", as it is used in this context, is meant that one or more 
chemical moieties in a targeted base, or bases, is altered so that the mutant 
nucleic acid will be functionally different. Thus, this is distinct from prior 
methods of correcting defects in DNA, such as homologous recombination, 
in which an entire segment of the targeted sequence is replaced with a 
segment of DNA from the transfected nucleic acid. This is also distinct from 
other methods that use reactive groups to inactivate a RNA or DNA target, 
in that this method functionally corrects the sequence of the target, instead 
of merely damaging it, by causing it to be read by a polymerase as a 
different base from the original base. As noted above, the naturally 
occurring enzymes in a cell can be utilized to cause the chemical 
alteration, examples of which are provided below. 

By "functionally alter" is meant that the ability of the target nucleic acid 
to perform its normal function (i.e.., transcription or translation control) is 
changed. For example, an RNA molecule may be altered so that it can 
cause production of a desired protein, or a DNA molecule can be altered 
so that upon DNA repair, the DNA sequence is changed. 

By ^mutant" it is meant a nucleic acid molecule which is altered in 
some way compared to equivalent molecules present in a normal 
individual. Such mutants may be well known in the art, and include, 
molecules present in individuals with known genetic deficiencies, such as 
muscular dystrophy, or diabetes and the like. It also includes individuals 
with diseases or conditions characterized by abnormal expression of a 
gene, such as cancer, thalassemia's and sickle cell anemia, and cystic 
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fibrosis. It allows modulation of lipid metabolism to reduce artery disease, 
treatment of integrated AIDS genomes, and AIDs RNA, and Alzeimer's 
disease. Thus, this invention concerns alteration of a base in a mutant to 
provide a "wild type" phenotype and/or genotype. For deleterious 
5 conditions this involves altering a base to allow expression or prevent 
expression as is necassary. When treating an infection, such as HIV, it 
concerns inactivation of a gene in the HIV RNA by mutation of the mutant 
(i.e., non-human gene) to a wild type (i.e., no production of a non-human 
protein). Such modification is performed in trans rather than in cis as in 
1 0 prior methods. 

In preferred embodiments, the oligonucleotide is of a length (at least 
12 bases, preferably 17-22) sufficient to activate dsRNA deaminase in 
vivo to cause conversion of an adenine base to inosine; the 
oligonucleotide is an enzymatic nucleic acid molecule that is active to 
15 chemically modify a base (see below); the nucleic acid molecule is DNA or 
RNA; the oligonucleotide includes a chemical mutagen, e.g., the mutagen 
is nitrous acid; and the oligonucleotide causes deamination of 5- 
methylcytosine to thymidine, cytosine to uracil, or adenine to inosine, or 
methtylation of cytosine to 5-methylcytosine. 

20 In a most preferred embodiment, the invention features correction of a 

mutation, rather than inactivation of a target by causing a mutation. 

Using in vitro directed evolution, It is possible to screen for ribozymes 
with catalytic activities different than RNA cleavage. Battel, D. and 
Szostak, J. (1993) Isolation of new ribozymes from a large pool of random 

25 sequences. Science 261:1411-1418. Using these methods of in vitro 
directed evolution, an enzymatic nucleic acid molecule, or ribozyme that 
mutates bases, instead of cleaving the phosphodiester backbone can be 
selected. This is a convenient method of obtaining an enzyme with the 
appropriate base sequence modifying activities for use in the present 

30 invention. 

Sequence modifying activities can change one nucleotide to another 
(or modify a nucleotide so that it will be repaired by the cellular machinery 
to another nucleotide). Sequence modifying activities could also delete or 
add one or more nucleotides to a sequence. A specific embodiment of 
35 adding sequences is described by Sullenger and Cech, PCT/US94/12976 
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hereby incorporated by reference herein), in which entire exons with wild- 
type sequence are spliced into a mutant transcript. The present invention 
features only the addition of a few bases (1 - 3), 

Thus, in another aspect, the invention features ribozymes or 
5 enzymatic nucleic acid molecules active to change the chemical structure 
of an existing base in a separate nucleic acid molecule. Applicant is the 
first to determine that such molecules would be useful, and to provide a 
description of how such molecules might be isolated. 

Molecules used to achieve in situ reversion can be delivered using 
10 the existing means employed for delivering antisense molecules and 
ribozymes, including liposomes and cationic lipid complexes. If the in situ 
reverting molecule is composed only of RNA, then expression vectors can 
be used in a gene therapy protocol to produce the reverting molecules 
endogenously, analogously to antisense or ribozymes expression vectors. 
1 5 There are several advantages of using such an expression vector, rather 
than simply replacing the gene through standard gene therapy. Firstly, this 
approach would limit the production of the corrected gene to cells that 
already express that gene. Furthermore, the corrected gene would be 
properly regulated by its natural transcriptional promoter. Lastly, reversion 
20 can be used when the mutant RNA creates a dominant gain of function 
protein {e.g., in sickle cell anemia), where correction of the mutant RNA is 
necessary to stop the production of the deleterious mutant protein, and 
allow production of the corrected protein. 

Endogenous Mammalian RNA Editing System 

25 It was observed in the mid-1980s that the sequence of certain cellular 

RNAs were different from the DNA sequence that encodes them. By a 
process called RNA editing, cellular RNA are post-transcriptionally 
modified to a) create a translation initiation and termination codons, b) 
enable tRNA and rRNA to fold into a functional conformation (for a review 

30 see Bass, B. L. (1993) In The RNA World. R. Gesteland, R. and Atkins, J. 
eds. (Cold Spring Harbor, New York; CSH Lab. Press) pp. 383-418). The 
process of RNA editing includes base modification, deletion and insertion 
of nucleotides. 

Although, the RNA editing process is widespread among lower 
35 eukaryotes, very few RNAs (four) have been reported to undergo editing in 
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mammals (Bass, supra). The predominant mode of RNA editing in 
mammalian system is base modification (C -4 U and A -> G). The 
mechanism of RNA editing in the mammalian system is postulated to be 
that C-»U conversion is catalyzed by cytidine deaminase. The mechanism 
5 of conversion of A->G has recently been reported for glutamate receptor B 
subunit (gluR-B) in rat PC12 cells (Higuchi, M. et ai. (1993) £eH 75, 1361- 
1370). According to Higuchi gluR-B mRNA precursor attains a structure 
such that intron 11 and exon 11 can form a stable stem-loop structure. This 
stem-loop structure is a substrate for a nuclear double strand-specific 
10 adenosine deaminase enzyme. The deamination will result in the 
conversion of A->l. Reverse transcription followed by double strand 
synthesis will result in the incorporation of G in place of A. 

In the present invention, the endogenous deaminase activity or other 
such activities can be utilized to achieve targeted base modification. 

15 The following are examples of the invention to illustrate different 

methods by which in vivo conversion of a base can be achieved. These 
are provided only to clarify specific embodiments of the invention and are 
not limiting to the invention. Those in the art will recognize that equivalent 
methods can be readily devised within the scope of the claims. 

20 Example 97: Exploiting c ellular dsRNA dependent Adenine to fnnsine 
converter; 

An endogenous activity in most mammalian cells and Xenopus 
oocytes converts about 50% of adenines to inosines in double stranded 
RNA. (Bass, B. L, & Weintraub, H. (1988). An unwinding activity that 

25 covalently modifies it double-stranded RNA substrate. Cell. 55. 1089- 
1098.). This activity can be used to cause an in situ reversion of a 
mutation at the RNA level. Referring to Figures 102 and 104, for 
demonstration purposes a stop codon is incorporated into the coding 
region of dystrophin, which is fused to the reporter gene luciferase. This 

30 stop codon can be reverted by targeting an antisense RNA which is long 
enough to activate the dsRNA deaminase, which converts Adenines to 
Inosines. The A to I transition will be read by the ribosome as an A to G 
transition in some cases and will thereby functionally revert the stop codon. 
While other A's in this region may be converted to I's and read as G, 

35 converting an A to I (G) cannot create a stop codon. The A to I transitions 
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in the region surrounding the target mutation will create some point 
mutations, however, the function of the dystrophin protein is rarely 
inactivated by point mutations. 

The reverted mRNA was then translated in a cell lysate and assayed 
5 for luciferase activity. As evidenced by the dramatic increase in luciferase 
counts in the graph in figure 103, the A to I transition was read by the 
ribosome as an A to G transition and the stop codon has successfully been 
reverted with the lysate treated complex. As a control, an irrelevant non- 
complementary RNA oligonucleotide was added to the 
10 dystrophin/luciferase mRNA. As expected, in this case no translation 
(luciferase activity) is observed because of the stop codon. As an 
additional control, the hybrid was not treated with extract, and again no 
translation (luciferase activity) is observed (Figure 103). 

While other A's in the targeted region may have been converted to I's 
1 5 and read as G, converting an A to I (G) cannot create a stop codon, so the 
ribosome will still read through the region. Dystrophin is not generally 
sensitive to point mutations if the open reading frame is maintained, so a 
dystrophin protein made from an mRNA reverted by this method should 
retain full activity. 

20 The following detail specifics of the methodology: RNA 

oligonucleotides were synthesized on a 394 (ABI) synthesizer using 
phosphoramidite chemistry. The sequence of the synthetic complementary 
RNA that binds to the mutant dystrophin sequence is as follows (5* to 3*): 

CCCGCGGTAGATCTTTCTGGAGGCTTACAGTTTTCTACAAACCTCC 
25 CTTCAAA (Seq. ID No. 1) 

Referring to Figure 1Q4, fifty-nine base pairs of a human dystrophin 
mutant sequence containing a stop codon was fused in frame to the 
luciferase coding region using standard cloning technology, into the Hind 
III and Not I sites of pRC-CMV (Invitrogen, San Diego, CA). The AUG of 
30 luciferase was deleted. The sequences of the insert from the Hind III site to 
the start of the luciferase coding region is (5* to 3'): 

GCCCCTGAGGAGCGATGGAGGCCTTGAAGGGAGGTTTGTGGAAAA 
CTGTAAGCCTCCAGAAAGATCTACCGCGG (Seq ID No. 2) 
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This corresponds to base pairs 3649-3708 of normal dystrophin 
(Entrez ID # 31 1627) with a Sac II site at the 3' end. This plasmid was used 
as a template for in vitro transcription of mRNA using T7 polymerase with 
the manufacturers protocol (Promega, Madison, Wl). 

5 Xenopus nuclear extracts were prepared in 0.5X TGKED buffer (0.5X= 

25mM Tris (pH 7.9), 12.5% glycerol, 25 mM KCI, 0.25mM DTT and 0.05mM 
EDTA), by vortexing nuclei and resuspended in a volume of 0.5X TGKED 
equal to total cytoplasm volume of the oocytes. Bass, B.L. & Weintraub, H. 
Ce// 55, 1089-1098(1988). 

10 The target mRNA at 500ng/ul was pre-annealed to 1 micromolar 

complementary or irrelevant RNA oligonucleotide by heating to 70°C, and 
allowing it to slowly cool to 37°C over 30 minutes. Fifty nanograms of 
mRNA pre-annealed to the RNA oligonucleotides was added to 7ul of 
nuclear extracts containing 1mM ATP, 15mM EDTA, 1600un/ml RNasin 

1 5 and 12.5mM Tris pH 8 to a total volume of 12ul. Bass, B.L. & Weintraub, H. 
supra. This mixture, which contains the dsRNA deaminase activity, was 
incubated for 30 minutes at 25°C. Next, 1 .5ul of this mixture was added to 
a rabbit reticulocyte lysate in vitro translation mixture and translated for two 
hours according to the manufacturers protocol (Life Technologies, 

20 Gaithersberg, MD), except that an additional 1.3 mM magnesium acetate 
was added to compensate for the EDTA carried through from the nuclear 
extract mixture. Luciferase assays were performed on 15ul of extract with 
the Promega luciferase assay system (Promega, Madison, Wl), and 
luminescence was detected with a 96 well luminometer, and the results are 

25 displayed in the graph in figure 102. 

Example 98: B ase changing activities 

The chemical synthesis of antisense and triple-strand forming 
oligomers conjugated to reactive groups is well studied and characterized 
(Knorre, D.G., Valentin, V.V., Valentina, F.2., Lebedev, A.V. & Federova, 

30 O.S. Design and targeted reactions of oligonucleotide derivatives 1-366 
(CRC Press, Novosibirsk, 1993) and Povsic, T., Strobel, S. & Dervan, P. 
Sequence-specific double-strand alkylation and cleavage of DNA 
mediated by triple-helix formation J. Am. Chem. Soc. 114, 5934-5944 
(1992). Reactive groups such as alkylators that can modify nucleotide 

35 bases in targeted RNA or DNA have been conjugated to oligonucleotides. 
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Additionally enzymes that modify nucleic acids have been conjugated to 
oligonucleotides. (Knorre, D.G., Valentin, V.V., Valentina, F.Z., Lebedev, 
A.V. & Federova, O.S. Design and targeted reactions of oligonucleotide 
derivatives 1-366 (CRC Press, Novosibirsk, 1993). In the past these 
5 conjugated chemical groups or enzymes have been used to inactivate 
DNA or RNA that is specifically targeted by antisense or triple-strand 
interactions. Below is a list of useful base changing activities that could be 
used to change the sequence of DNA or RNA targeted by antisense or 
triple strand interactions, in order to achieve in situ reversion of mutations, 
1 0 as described herein (see figure 100-1041 

1. Deamination of 5-methylcytosine to create thymidine 
(performed by the enzyme cytidine deaminase (Bass, B.L. in The RNA 
World (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1993). 
Also, nitrous acid or related compounds promote oxidative deamination of 
15 C to be read at T(Microbial Genetics, David Freifelder, Jones and Bartlett 
Publishers, Inc., Boston,1987, PP.226-230.). Additionally hydroxyiamine 
or related compounds can transform C to be read at T (Microbial Genetics, 
David Freifelder, Jones and Bartlett Publishers, Inc., Boston,1987, PP.226- 
230.) 

20 2 - Deamination of cytosine to create uracil (performed by the 

enzyme cytidine deaminase (Bass, B.L. in The RNA World (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, 1993) or by chemical 
groups similar to nitrous acid that promote oxidative deamination (Microbial 
Genetics, David Freifelder, Jones and Bartlett Publishers, Inc., 

25 Boston, 1987, PP.226-230.) 

3. Deamination of Adenine to be read like G (Inosine) (as done 
by the adenosine deaminase, AMP deaminase or the dsRNA deaminating 
activity ( Bass, B.L in The RNA World (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1993). 

30 4. Methylation of cytosine to 5-methylcytosine 

5. Transforming thymidine (or uracil) to 02-methyl thymidine (or 
02-methyl uracil), to be read as cytosine by alkynitrosoureas (Xu, and 
Swann, Tetrahedron Letters 35:303-306 (1994)). 
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6. Transforming guanine to 6-O-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978) which can be done with the mutagen ethyl methane 
sulfonate (EMS) Microbial Genetics, David Freifelder, Jones and Bartlett 

5 Publishers, Inc., Boston,1987, PP.226-230. 

7. Amination of uracil to cytosine (as performed by the cellular 
enzyme CTP synthetase (Bass, B.L in The RNA World (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, 1993). 

The following are examples of useful chemical modifications that can 
10 be utilized in the present invention. There are a few preferred 
straightforward chemical modifications that can change one base to 
another base. Appropriate mutagenic chemicals are placed on the 
targetting oligonucleotide, e.g., nitrous acid, or a suitable protein with such 
activity. Such chemicals and proteins can be attatched by standard 
15 procedures. These include molecules which introduce fundamental 
chemical changes, that would be useful independent of the particular 
technical approach. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY 
pp 42-48. 

The following matrix shows that the chemical modifications noted can 
20 cause transversion reversions (pyrimidine to pyrimidine, or purine to 
purine) in RNA or DNA. The transversions (pyrimidine to purine, or purine 
to pyrimidine) are not preferred because these are more difficult chemical 
transformations. The footnotes refer to the specific desired chemical 
transformations. The bold footnotes refer to the reaction on the opposite 
25 DNA strand. For example, if one desires to change an A to a G, this can be 
accomplished at the DNA level by using reaction #5 to change a T to a C in 
the opposing strand. In this example an ATT base pair goes to A/C , then 
when the DNA is replicated, or mismatch repair occurs this can become 
G/C, thus the original A has been converted to a G. 

30 ISR matrix 

Reverted Base 



Mutant base A 



T(U) 
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Transversion 


RNA2/DNA6 




Transversion 




DNA6/RNA6 


Transversion 


Transversion 
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15 



20 



25 



1 
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Deamination of 5-methylcytosine to create thymidine. 
Deamination of cytosine to create uracil. 
Deamination of Adenine to be read like G (Inosine). 
Methylation of cytosine to 5-methylcytosine. 

5 Transforming thymidine (or uracil) to 02-methyl thymidine (or 
02-methyl uracil), to be read as cytosine (Xu, and Swann, Tetrahedron 
Letters 35:303-306 (1994)). 

6 Transforming guanine to 6-O-methyl (or other alkyls) to be 
10 read as adenine (Mehta and Ludlum, Biochimica et Biophvsica Acta 

521:770-778 (1978)). ' 

7. Amination of uracil to cytosine. Bass supra, fig. 6c. 
In Vitro Selection Strategy 



Referring to Figure 1Q$, there is provided a schematic describing an 
approach to selecting for a ribozyme with such base changing activity. An 
RNA is designed that folds back on itseJf (this is similar to approaches 
already used to select for RNA ligases, Bartel, D. and Szostak, J. (1993) 
Isolation of new ribozymes from a large pool of random sequences. 
Science 261:1411-1418). A degenerate loop opposing the base to be 
modified provides for diversity. After incubating this library of molecules in 
a buffer, the RNA is reverse transcribed into DNA (that is, using standard in 
vitro evolution protocol. Tuerk and Gold, 249 Science 505, 1990) , and 
then the DNA is selected for having a base change. A restriction enzyme 
cleavage and size selection or its equivalent is used to isolate the fraction 
of DNAs with the appropriate base change. The cycle could then be 
repeated many times. 
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The in vitro selection (evolution) strategy is similar to approaches 
developed by Joyce (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 
635-641; Joyce, G. F. (1992) Scientific American P fi7 90-97) and Szostak 
(Bartel, D. and Szostak, J. (1993) Science .261:141 1-1418; Szostak, J. W. 
5 (1993) TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
synthesized wherein, each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 

10 bind to its target (the region flanking the mutant nucleotide), 2) 
complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their base modifying activity, 3) introduction of restriction 
endonuclease site for the purpose of cloning. The degenerate domain can 
be created to be completely random (each of the four nucleotides 

1 5 represented at every position within the random region) or the degeneracy 
can be partial (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 635- 
641). In this invention, the degenerate domain is flanked by regions 
containing known sequences (see Figure 105), such that the degenerate 
domain is placed across from the mutant base (the base that is targeted for 

20 modification). This random library of nucleic acids is incubated under 
conditions that ensure folding of the nucleic acids into conformations that 
facilitate the catalysis of base modification (the reaction protocol may also 
include certain cofactors like ATP or GTP or an S-adenosyl-methionine (if 
methylation is desired) in order to make the selection more stringent). 

25 Following incubation, nucleic acids are converted into complimentary DNA 
(if the starting pool of nucleic acids is RNA). Nucleic acids with base 
modification (at the mutant base position) can be separated from rest of the 
population of nucleic acids by using a variety of methods. For example, a 
restriction endonuclease cleavage site can either be created or abolished 

30 as a result of base modification. If a restriction endonuclease site is 
created as a result of base modification, then the library can be digested 
with the restriction endonuclease (RE). The fraction of the population that 
is cleaved by the RE is the population that has been able to catalyze the 
base modification reaction (active pool). A new piece of DNA (containing 

35 oligonucleotide primer binding sites for PCR and RE sites for cloning) is 
ligated to the termini of the active pool to facilitate PCR amplification and 
subsequent cycles (if necessary) of selection. The final pool of nucleic 
acids with the best base modifying activity is cloned in to a plasmid vector 
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and transformed into bacteria! hosts. Recombinant plasmids can then be 
isolated from transformed bacteria and the identity of clones can be 
determined using DNA sequencing techniques. 

Base modifying enzymatic nucleic acids (identified via in vitro 
5 selection) can be used to cause the chemical modification in vivo. 

In addition, the ribozyme could be evolved to specifically bind a 
protein having an enzymatic base changing activity. 

Such ribozymes can be used to cause the above chemical 
modifications in vivo. The ribozymes or above noted antisense-type 
10 molecules can be administered by methods discussed in the above 
referenced art. 

VIII. Administration of Nucleic Acids 

Applicant has determined that double-stranded nucleic acid lacking 
a transcription termination signal can be used for continuous expression of 

15 the encoded RNA. This is achieved by use of an R-loop, i.e., an RNA 
molecule non-covalently associated with the double-stranded nucleic acid 
and which causes localized denaturation ("bubble" formation) within the 
double stranded nucleic acid (Thomas et al., 1976 Proc. Natl. Acad. Sci. 
USA 73, 2294). In addition, applicant has determined that that the RNA 

20 portion of the R-loop can be used to target the whole R-loop complex to a 
desirable intracellular or cellular site, and aid in cellular uptake of the 
complex. Further, applicant indicates that expression of enzymatically 
active RNA or ribozymes can be significantly enhanced by use of such R- 
loop complexes. 

25 Thus, in one aspect, the invention features a method for introduction 

of enzymatic nucleic acid into a cell or tissue. A complex of a first nucleic 
acid encoding the enzymatic nucleic acid and a second nucleic acid 
molecule is provided. The second nucleic acid molecule has sufficient 
complementarity with the first nucleic acid to be able to form an R-loop 

30 base pair structure under physiological conditions. The R-loop is formed in 
a region of the first nucleic acid molecule which promotes expression of 
RNA from the first nucleic acid under physiological conditions. The method 
further includes contacting the complex with a cell or tissue under 
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conditions in which the enzymatic nucleic acid is produced within the cell 
or tissue. 

By "complex" is simply meant that the two nucleic acid molecules 
interact by intermolecular bond formation (such as by hydrogen bonding) 
5 between two complementary base-paired sequences. The complex will 
generally be stable under physiological condition such that it is able to 
cause initiation of transcription from the first nucleic acid molecule. 

The first and second nucleic acid molecules may be formed from any 
desired nucleotide bases, either those naturally occurring (such as 
0 adenine, guanine, thymine and cytosine), or other bases well known in the 
art, or may have modifications at the sugar or phosphate moieties to allow 
greater stability or greater complex formation to be achieved. In addition, 
such molecules may contain non-nucleotides in place of nucleotides. 
Such modifications are well known in the art, see e.g., Eckstein et a/., 

15 International Publication No. WO 92/07065; Perrault et a/., 1990NaiUie 
344, 565; Pieken et a/., 1991 Science . 253, 314; Usman and Cedergren, 
1992 Trends in Biochem. Sci . 17, 334; Usman et a/., International 
Publication No. WO 93/15187; and Rossi et a/., International Publication 
No. WO 91/03162, as well as Sproat.B. European Patent Application 

20 92110298.4 which describe various chemical modifications that can be 
made to the sugar moieties of enzymatic RNA molecules. All these 
publications are hereby incorporated by reference herein. 

By "sufficient complementarity" is meant that sufficient base pairing 
occurs so that the R-loop base pair structure can be formed under the 
25 appropriate conditions to cause transcription of the enzymatic nucleic acid. 
Those in the art will recognize routine tests by which such sufficient base 
pairs can be determined. In general, between about 15-80 bases is 
sufficient in this invention. 

By "physiological condition" is meant the condition in the cell or 
30 tissue to be targeted by the first nucleic acid molecule, although the R-loop 
complex may be formed under many other conditions. One example is use 
of a standard physiological saline at 37°C, but it is simply desirable in this 
invention that the R-loop structure exists to some extent at the site of action 
so that the expression of the desired nucleic acid will be achieved at that 
35 site of action. While it is preferred that the R-loop structure be stable under 
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those conditions, even a minimal amount of formation of the R-loop 
structure to cause expression will be sufficient. Those in the art will 
recognize that measurement of such expression is readily achieved, 
especially in the absence of any promoter or leader sequence on the first 
5 nucleic acid molecule (Daube and von Hippel, 1992 Science 258, 1320). 
Such expression can thus only be achieved if an R-loop structure is truly 
formed with the second nucleic acid. If a promoter of leader sequence is 
provided, then it is preferred that the R-loop be formed at a site distant from 
those regions so that transcription is enhanced. 

10 In a related aspect, the invention features a method for introduction 

of ribonucleic acid within a cell or tissue by forming an R-loop base-paired 
structure (as described above) with the first nucleic acid molecule lacking 
any promoter region or transcription termination signal such that once 
expression is initiated it will continue until the first nucleic acid is degraded. 

1 5 In another related aspect, the invention features a method in which 

the second nucleic acid is provided with a localization factor, such as a 
protein, e.g., an antibody, transferin, a nuclear localization peptide, or 
folate, or other such compounds well known in the art, which will aid in 
targeting the R-loop complex to a desired cell or tissue. 

20 In preferred embodiments, the first nucleic acid is a plasmid, e.g., 

one without a promoter or a transcription termination signal ; the second 
nucleic acid is of length between about 40-200 bases and is formed of 
ribonucleotides at a majority of positions; and the second nucleic is 
covalently bonded with a ligand such as a nucleic acid, protein, peptide, 

25 lipid, carbohydrate, cellular receptor, nuclear localization factor, or is 
attached to maleimlde or a thiol group: the first nucleic acid is an 
expression plasmid lacking a promoter able to express a desired gene, 
e.g., it is a double-stranded molecule formed with a majority of 
deoxyribonucleic acids; the R-loop complex is a RNA/DNA heteroduplex; 

30 no promoter or leader region is provided in the first nucleic acid; and the R- 
loop is adapted to prevent nucleosome assembly and is designed to aid 
recruitment of cellular transcription machinery. 

In other preferred embodiments, the first nucleic acid encodes one or 
more enzymatic nucleic acids, e.g., it is formed with a plurality of 
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intramolecular and intermolecular cleaving enzymatic nucleic acids to 
allow release dT therapeutic enzymatic nucleic acid in vivo. 

In a further related aspect, the invention features a complex of the 
above first nucleic acid molecules and second nucleic acid molecules. 

5 R-loop complex 

An R-loop complex is designed to provide a non-integrating plasmid 
so that, when an RNA polymerase binds to the plasmid, transcription is 
continuous until the plasmid is degraded. This is achieved by hybridizing 
an RNA molecule, 40 to 200 nucleotides in length, to a DNA expression 

10 plasmid resulting in an R-loop structure ( see figure 106) . This RNA, when 
conjugated with a ligand that binds to a cell surface receptor, triggers 
internalization of the plasmid/RNA-ligand complex. Formation of R-loops in 
general is described by DeWet, 1987 Methods in EnzvmoL 145, 235; 
Neuwald et aL, 1977 J. Virol. 21,1019; and Meyer et aL, 1986 J. Ult. Mol. 

15 Str. Res. 96, 187. Thus, those in the art can readily design complexes of 
this invention following the teachings of the art. 

Promoters placed in retroviral genomes have not always behaved as 
planned in that the additional promoter will serve as a stop signal or 
reverses the direction of the polymerase. Applicant was told that creation 

20 of an R-loop between the promoter and the reporter gene increased the 
transfection efficiency. Incubation of an RNA molecule with a double- 
stranded DNA molecule, containing a region of complementarity with the 
RNA will result in the formation of a stable RNA-DNA hetroduplex and the 
DNA strand that has a sequence identical to the RNA will be displaced into 

25 a loop-like structure called the R-loop. This displacement of DNA strand 
occurs because an RNA-DNA duplex is more stable compared to a DNA- 
DNA duplex. Applicant was also told that an 80 nt long RNA was used to 
generate a R-loop structure in a plasmid encoding the B-galactosidase 
gene. The R-loop was initiated either in the promoter region or in the 

30 leader sequence. Plasmids containing an R-loop structure were 
microinjected into the cytoplasm of COS cells and the gene expression 
was assayed. R-loop formation in the promoter region of the plasmid 
inhibited expression of the gene. RNA that hybridized to the leader 
sequence between the promoter and the gene, or directly to the first 80 

35 nucleotides of the mRNA increased the expression levels 8-10 fold. The 
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proposed mechanism is that R-loop formation prevents nucleosome 
assembly, thus making the DNA more accessible for transcription. 
Alternatively, the R-loop may resemble a RNA primer promoting either DNA 
replication or transcription (Daube and von Hippel, 1992, sup_ra). 

5 One of the salient features of this invention is to generate R-loops in 

expression vectors of choice and introduce them into cells to achieve 
enhanced expression from the expression vector. The presence of an R- 
loop may aid in the recruitment of cellular transcription machinery. Once 
an RNA polymerase binds to the plasmid and initiates transcription, the 
1 0 process will continue until a termination signal is reached, or the plasmid is 
degraded. 

This invention will increase the expression of ribozymes inside a 
cell. The idea is to construct a plasmid with no transcription termination 
signal, such that a transcript-containing multiple ribozyme units can be 
15 generated. In order to liberate unit length ribozymes, self-processing 
ribozymes can be cloned downstream of each therapeutic ribozyme (see 
figure 1071 as described by Draper supra. 

Liaand Targeting 

Another salient feature of this invention is that the RNA used to 

20 generate R-loop structures can be covalently linked to a ligand (nucleic 
acid, proteins, peptides, lipids, carbohydrates, etc.). Specific Jigands can 
be chosen such that the ligand can bind selectively to a desired cell 
surface receptor. This ligand-receptor interaction will help internalize a 
plasmid containing an R-loop. Thus, RNA is used to attach the ligand to the 

25 DNA such that localization of the gene to certain regions of the cell is 
achieved. One of several methods can be used to attach a ligand to RNA. 
This includes the incorporation of deoxythymidine containing a 6 carbon 
spacer having a terminal primary amine into the RNA (see, figure ma) This 
amino group can be directly derivatized with the ligand, such as folate (Lee 

30 and Low, 1994 J, Biol. Qhem. 269, 3198-3204). The RNA containing a 6 
carbon spacer with a terminal amine group is mixed with folate and the 
mixture is reacted with activators like 1-(3-Dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride (EDC). This reaction should be carried 
out in the presence of 1-Hydroxybenzotriazole hydrate (HOBT) to prevent 

35 any undesirable side reactions. 
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The RNA can also be derivatized with a heterobifuctional 
crosslinking agent (or linker) like succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB). The SMPB introduces a maleimide 
into the RNA. This maleimide can then react with a thiol moiety either in a 
5 peptide or in a protein. Thiols can also be introduced into proteins or 
peptides that lack naturally occurring thiols using succinylacetylthioacetate. 
The amino linker can be attached at the 5' end or 3 1 end of the RNA. The 
RNA can also contain a series of nucleotides that do not hybridize to the 
DNA and extend the linker away from the RNA/DNA complex, thus 

1 0 increasing the accessibility of the ligand for its receptor and not interfering 
with the hybridization. These techniques can be used to link peptides such 
as nuclear localization signal (NLS) peptides (Lanford et aL, 1984 Ceil 37, 
801-813; Kalderon et aL, 1984 £eli 39, 499-509; Goldfarb et al., 1986 
Nature 322, 641-644)and/or proteins like the transferrin (Curiel et al., 1991 

1 5 Proc. Natl. Acad. Sci. USA 88, 8850-8854; Wagner et aL, 1 992 Proc. Natl. 
Acgd. Sci. USA 89, 6099-6103; Giulio et aL, 1994 Cell. SianaL 6, 83-90) to 
the ends of R-loop forming RNA in order to facilitate the uptake and 
localization of the R-loop-DNA complex. To link a protein to the ends of R- 
loop forming RNA, an intrinsic thiol can be used to react with the maleimide 

20 or the thiols can be introduced into the protein itself using either 
iminothiolate or succinimidyl acetyl thioacetate (SATA; Duncan et al., 1983 
AnaL Biochem 132, 68). The SATA requires an additional deprotection 
step using 0.5 M hydroxylamine. 

In addition liposomes can be used to cause an R-loop complex to be 
25 delivered to an appropriate intracellular cite by techniques well known in 
the art. For example, pH-sensitive liposomes (Connor and Huang, 1986 
Cancer Res. 46, 3431-3435) can be used to facilitate DNA transfection. 

Calcium phosphate mediated or electroporation-mediated delivery of 
the R-loop complex in to desired cells can also be readily acomplished. 

30 In vitro Selection 

In vitro selection strategies can be used to select nucleic acids that a) 
can form stable R-loops b) selectively bind to specific cell surface 
receptors. These nucleic acids can then be covalently linked to each other. 
This will help internalize the R-loop-containing plasmid efficiently using 
35 receptor-mediated endocytosis. The in vitro selection (evolution) strategy is 
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similar to approaches developed by Joyce (Beaudry and Joyce, 1992 
Science 257, 635-641; Joyce, 1992 Scientific American 267, 90-97) and 
Szostak (Bartel and Szostak, 1993 Science 261:1411-1418; Szostak, 
1993 TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
5 synthesized wherein each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 
bind to its target (a specific region of the double strand DNA), 2) 

1 0 complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their affinity to form R-loop and/or their ability to bind to a 
specific receptor, 3) introduction of a restriction endonuclease site for the 
purpose of cloning. The degenerate domain can be created to be 
completely random (each of the four nucleotides represented at every 

15 position within the random region) or the degeneracy can be partial 
(Beaudry and Joyce, 1992 Science 257, 635-641). In this invention, the 
degenerate domain is flanked by regions containing known sequences. 
This random library of nucleic acids is incubated under conditions that 
ensure equilibrium binding to either double-stranded DNA or cell surface 

20 receptor. Following incubation, nucleic acids are converted into 
complementary DNA (if the starting pool of nucleic acids is RNA). Nucleic 
acids with desired characteristics can be separated from the rest of the 
population of nucleic acids by using a variety of methods (Joyce, 1992 
supra}. The desired pool of nucleic acids can then be carried through 

25 subsequent rounds of selection to enrich the population with the most 
desired traits. These molecules are then cloned in to appropriate vectors. 
Recombinant plasmids can then be isolated from transformed bacteria and 
the identity of clones can be determined using DNA sequencing 
techniques. 

30 Other embodiments are within the following claims. 
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Characteristics of Ribozvmes 

Group I Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage 
site* 

Binds 4-6 nucleotides at 5' side of cleavage site. 
Over 75 known members of this class. Found in Tetrahymena 
thermophila rRNA, fungal mitochondria, chloroplasts, phaqe T4 blue- 
green algae, and others. 

RNAseP RNA (M1 RNA) 

Size: -290 to 400 nucleotides. 

RNA portion of a ribonucleoprotein enzyme. Cleaves tRNA precursors 
to form mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Ribozyme 
Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5' of the cleavage site 
Binds a variable number nucleotides on both sides of the cleavaae 
site. a 

14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Figures 1 
and 2) 

Hairpin Ribozyme 
Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3' of the cleavage site 
Binds 4-6 nucleotides at 5' side of the cleavage site and a variable 
number to the 3' side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the 
infectious agent (Figure 3). 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. • 

Binding sites and structural requirements not fully determined, 

although no sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 4). 

Neurospora VS RNA Ribozyme 
Size: -144 nucleotides (at present) 
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Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not fully determined. Only 1 

known member of this class. Found in Neurospora VS RNA (Figure 5) 
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Table 2 

Human ICAM HH Target sequence 



nt. Position Target Sequences nt Position 



11 


CCCCAGU C GACGCUG 


386 


23 


CUGAGCU C CUCUGCU 


394 


26 


AGCUCCU C UGCUAOJ 


420 


31 


CUCUGCU A CUCAGAG 


425 


34 


UGCOACU C AGAGUUG 


427 


40 


UCAGAGU U GCAACCU 


450 


48 


GCAACCU C AGCCUCG 


451 


54 


UCAGCCU C GCUAUGG 


456 


58 


CCUCGCU A UGGCUCC 


495 


64 


UADGGCU C CCAGCAG 


510 


96 


CCGCACU C CUGGDCC 


564 


102 


UCCUGGU C CUGCUCG 


592 


108 


UCCUGCU C GGGGCUC 


607 


115 


CGGGGCU C UGUUCCC 


608 


119 


GCUCUGU U CCCAGGA 


609 


120 


CUCUGUU C CCAGGAC 


611 


146 


CAGACAU C UGUGUCC 


656 


152 


UCUGUGU C CCCCUCA 


657 


158 


UCCCCCU C AAAAGDC 


668 


165 


CAAAAGU C AUCCUGC 


677 


168 


AAGUCAU C CDGCCCC 




185 


GGAGGCU C CGUGCUG 




209 


AGCACCU C CDGDGAC 




227 


CCCAAGU U GDDGGGC 


696 


230 


AAGUUGD U GGGCADA 


709 


237 


UGGGCAU A GAGACCC 


720 


248 


ACCCCGU U GCCUAAA 


723 


253 


GUUGCCU A AAAAGGA 


735 


263 


AAGGAGU U GCUCCUG 


738 


267 


AGUUGCU C CDGCCUG 


765 


293 


AAGGUGU A UGAACUG 


769 


319 


AGAAGAU A GCCAACC 


770 


335 


AUGUGCU A UUCAAAC 


785 


337 


GUGCOAU D CAAACDG 


786 


338 


UGCUAUU C AAACUGC 


792 


359 


GGGCAGU C AACAGCU 


794 


367 


AACAGCU A AAACCUU 


807 


374 


AAAACCU U CCUCACC 


833 


375 


AAACCOU C CUCACCG 


846 


378 


CCUUCCU C ACCGOGU 


851 
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Target Sequences 



ACCGCGU A CuGGACU 
CUGGACJ C CAGAACG 
CACCCCU C CCCUCUU 
CUCCCCJ C UUGGCAG 
CCCCUCU U GGCAGCC 
AGAACCU U ACCCUAC 
GAACCUU A CCOJACG 
UUACCCU A CGCOGCC 
CCAACCU C ACCGUGG 
UGCUGCU C CGOGGGG 
OJGAGGU C ACGACCA 
GAGAGAU C ACCADGG 
AGCCAAU U UCUCGCG 
GCCAAUD U CUCGUGC 
CCAADUU C UCGUGCC 
AAUUUCU C GUGCCGC 
GAGCUGU U UGAGAAC 
AGCUGUU U GAGAACA 
AACACCU C GGCCCCC 
GCCCCCU A CCAGCUC 
ACCAGCU C CAGACCU 
CAGACCa U DGUCCUG 
AGACCUU U GUCCDGC 
CCUUDGU C CUGCCAG 
AGCGACU C CCCCACA 
CACAACU U GUCAGCC 
AACUUGU C AGCCCCC 
CCCGGGU C CUAGAGG 
GGGUCCU A GAGGDGG 
CCGCGGU C UGUUCCC 
GGUCUGU U CCCUGGA 
GOCUGUU C CCUGGAC 
GGGCUGU U CCCAGUC 
GGCUGUU C CCAGUCU 
UCCCAGU C UCGGAGG 
CCAGUCU C GGAGGCC 
CCCAGGU C CACCUGG 
CAGAGGU U GAACCCC 
CCACAGU C ACCUAUG 
GUCACCU A UGGCAAC 
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boo 


AACGACU C CUUULK-G 


ooo 


GACUCCU U CUCGGCC 


00 / 


ACUCUUU C UCGGCCA 




uCCUUCU C GGv-*-AAG 


ool 


AAGGCCU C AGUCAGU 


QQC 


CCUCaGu c aguguga 


933 


GUGCAGU A ADACDGG 


930 


/■"■w^ /limn ■ a m fT % 

CAGUAAU A CUGGGGA 


978 


UGACCAU C UACAGCU 


980 


ACCAUCU A CAGCUUU 


986 


UACAGCU U UCCGGCG 


Q 0*7 

987 


ACAGCUU U CCGGCGC 


000 


M II If 1 .—11 — 1_ —1—1 _ 

CAGCUUU C CGGCGCC 


1UU5 


ACGCGAU U CDGACGA 


lUQo 


CGUGAUU C UGACGAA 


1U23 


CAGAGGU C UCAGAAG 


1U23 


GAGGUCU C AGAAGGG 


XUOQ 


CCACCCU A GAGCCAA 


1 noi 


ADGvjGGU u ccagccc 




ugggguu c cagccca 


■!■■', /.0 


CCCAGCU C CUGCUGA 


X103 


CG^-AGCU U uuculkjC 


xx 0** 


GCAGCUU C UCCUGCU 


XXOO 


AGCUUCU C CUGCUCU 


1 1 "70 


UCCUGCU C DGCAACC 


12UU 


GCCAGCU U AUACACA 


X^Ul 


CCAGCUU A UACACAA 


1 oai 
12 UJ 


AGCUUAU A CACAAGA 


122 / 


GGGAGCU U CGUGUCC 


1 no 
1228 


GGAGCUU C GUGUCCU 


1233 


UUCGUGU C CUGDAUG. 


1238 


GUCCOGU A XX5GCCCC 


1264 


GAGGGAU U GUCCGGG 


12b / 


GGAUUGU C CGGGAAA 


X2±74 


AGAAAAU U CCCAGCA 


1 


GAAAAUU C CCAGCAG 




GouaACU C CAADGDG 


u«x 


CCAGGCu U GoGGGAA 


1 I'lA 


AACCCAU U GCCCGAG 


1 

X044 


CCGAGCu C AAGOGtJC 


1J01 


CAAGUGU C UAAAGGA 




AGUGUCU A AAGGADG 


1366 


UGGOVCU U UCCCAC0 


1367 


GGCACDa U CCCACDG 


1368 


GCACUUU C CCACUGC 


1380 


UGCCCAU C GGGGAAU 


1388 


GGGGAAU C AGOGACU 


1398 


UGACUGU C ACUCGAG 


1402 


UGUCACU C GAGAUCU 



1 A C\Q 

14Uo 


UCGAGAU C UUGAGGG 


141U 


GAGAUCU U GAGGGCA 


1 A "51 

1421 


GGCACCU A CCUCUGU 


1425 


CCUACCU C UGUCGGG 


1429 


CCUCUGU C GGGCCAG 


1 j j j 

1444 


GAGCACU C AAGGGGA 


1 iter 

145d 


GGGAGGU C ACCCGCG 


1482 


AUGUGCU C UCCCCCC 


1484 


GUGCUCU C CCCCCGG 


1493 


CCCCGGU A UGAGAUU 


1500 


AUGAGAU U GUCAUCA 


1503 


Aa\UUGU C AUCAUC\ 


1506 


UUGUCAU C AUCACUG 


1509 


UCADCAU C ACUGUGG 


1518 


CUGUGGU A GCAGCCG 


1530 


CCGCAGU C ADAAUGG 


1533 


CAGUCAU A ADGGGCA 


1531 


CAGGCCU C AGCACGU 


15 o y 


AGCACGU A CCUCUAU 


15o3 


CGUACCU C UAUAACC 


1565 


UACCUCU A UAACCGC 


loo / 


CCUCUAU A ACCGCCA 


13o4 


GGAAGAU C AAGAAAU 


1 coo 
lo ±72 


AAGAAAU A CAGACUA 


1 coo 
1599 


ACAGACU A CAACAGG 


1031 


CACGCCU C CCCX3AAC 


1661 


BGAACCU A UCCCGGG 


1663 


AACCUAU C CCGGGAC 


1678 


AGGGCCU C OUCCOCG 


1680 


GGCCUCU U CC0CGGC 


1681 


GCCUCUU C CUCGGCC 


1684 


UCUUCCU C GGCCUUC 


1690 


UCGGCCU U CCCAUAU 


1691 


CGGCCUU C CCAUAUU 


lo9o 


UUCCCAU A UUGGUGG 




CCCAUAU U GGUGGCA 


1 /3 / 


AAGACAU A UGCCAUG 


. n 7Cn 

• X ou 


CCCAGCU A CACCUAC 


l/OO 


UACACCU A CCGGCCC 


I/O / 


AGGGCAU U GUCCUCA 


i/yu 


GCAUUGU C CUCAGUC 




UUGUCCU C AGUCAGA 


1797 


CCUCAGU C AGAUACA 


1802 


GUCAGAU A CAACAGC 


1812 


ACAGCAU U UGGGGCC 


1813 


CAGCAUU U GGGGCCA 


1825 


CCAUGGU A CCUGCAC 


1837 


CACACCU A AAACACU 


1845 


AAACACU A GGCCACG 
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1856 CACGCAUC UGADCUG 

1861 AUCUGAU C UGOAGUC 

1865 GAUCUGU A GUCACAU 

1868 CUGUAGU C ACADGAC 

1877 CAUGACU A AGCCAAG 

1901 CAAGACU C AAGACAU 

1912 ACAUGAU U GAUGGAU 

1922 UGGAUGU U AAAGUCU 

1923 GGAUGUU A AAGUCDA 
1928 UUAAAGU C UAGCCUG 
1930 AAAGUCU A GCCCGAU 
1964 GAGACAU A GCCCCAC 
1983 AGGACAU A CAACUGG 
1996 GGGAAAU A CDGAAAC 
2005 UGAAACU U GCUGCCU 
2013 GCDGCOJ A UUGGGUA 
2015 UGCCUAU U GGGUADG 
2020 AUUGGGU A UGCUGAG 

2039 ACAGACU U ACAGAAG 

2040 CAGACUU A CAGAAGA 
2057 UGGCCCD C CAUAGAC 
2061 CCUCCAU A GACAUGU 
2071 CAUGUGU A GCADCAA 
2076 GUAGCAU C AAAACAC 

2097 CCACACU U CCDGACG 

2098 CACACUU C CuGACGG 
2115 GCCAGCU U GGGCACU 
2128 CUGCUGU C UACUGAC 
2130 GCUGUCU A CUGACCC 
2145 CAACCCU U GADGAUA 
2152 UGAUGAU A UGDAUUU 
2156 GAUAUGU A DUUAUUC 

2158 UAUGDAU U UAUUCAU 

2159 AUGUAUU U AUUCAUU 

2160 UGDAUUU A UUCAUUU 

2162 UAUUUAU U CAUUUGU 

2163 AUUUAUU C AUUUGUU 

2166 UAUUCAU U UGUUAUU 

2167 AUUCAUU U GUOAUUU 

2170 CAUUUGU U AUUUUAC 

2171 AUUUGUU A UUUUACC 

2173 UUGUUAU U UUACCAG 

2174 . UGUUAUU U UACCAGC 

2175 GUUAUUU U ACCAGCU 

2176 UUAUUUU A CCAGCUA 
2183 ACCAGCU A UUUAUUG 

2185 CAGCUAU U UAUUGAG 

2186 AGCUAUU U AUUGAGU 

2187 GCUAUUU A UUGAGUG 



2189 

2196 

2198 

2159 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2233 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 



UAUUUAU U 
CGAGUGU C 
AGUGUCU U 
GUGUCUU U 
UGUCUUU U 
GUCUUUU A 
UUUADGU A 
GUAGGCU A 
UGAACAU A 
CADAGGU C 
UAGGUCU C 
CUGGCCU C 
CGGAGCU C 
UCCCAGU C 
UCCAUGU C 
GUCACAU U 
UCACAUU C 
UCAAGGU C 
ACCAGGU A 
GUACAGU U 
CAGUUGU A 
UACAGGU U 
AGGUUGU A 
AAAAGAU C 
UGGGACU U 
GGGACUU C 
GACUUCU C 
UUCUCAU U 
CCUGCCU U 
CUGCCUU U 
UGCCUUU C 
GAGUGAU U 
AGUGAUU U 
GUGAUUU U 
UGAUUUU U 
GAUUUUU C 
UUUUUCU A 
UUUCDAU C 
AAGCACU A 
GCACUAU A 
GACUGGU A 
UAADGGU U 
AAUGGUU C 
' CACAGGU U 
ACAGGUU C 
CAGAGAU U 
AGAGAUU A 
GAGGCCU U 
AGGCCUU A 



GAGUGUC 
UUUUAUG 
UUAUGUA 
UAUGUAG 
ADGUAGG 
UGUAGGC 
GGCUAAA 
AAUGAAC 
GGCCUCU 
CCCGGCC 
CGGCCUC 
ACGGAGC 
CCAGUCC 
CADGUCA 
ACAUUCA 
CAAGGUC 
AAGGOCA 
ACCAGGU 
CAGUUGU 
GUACAGG 
CAGGUDG 
GUACACU 
CACOGCA 
AAAUGGG 
CUCAUUG 
UCAUUGG 
ADUGGCC 
GGCCAAC 
UCCCCAG 
CCCCAGA 
CCCAGAA 
UUUCUAU 
UUCUAUC 
UCUAUCG 
CUAUCGG 
UAUCGGC 
UCGGCAC 
GGCACAA 
UAUGGAC 
UGGACUG 
ADGGUUC 
CACAGGU 
ACAGGUU 
CAGAGAU 
AGAGAUU 
ACCCAGU 
CCCAGUG 
AUUCCUC 
UUCCUCC 
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2451 


GCCUUAU a ccucccu 


2750 


2452 


CCUUAUU c cucccuu 


2759 


2455 


UAUDCCU C CCUUCCC 


2761 


2459 


ccucccu U CCCCCCA 


2765 


2460 


CUCCCUU C CCCCCAA 


2769 


2479 


GACACCU U UGUUAGC 


2797 


2480 


ACACCUU U GUUAGCC 


2803 


2483 


CCUUUGU U AGCCACC 


2804 


2484 


CUUUGUU A GCCACCU 


2813 


2492 


GCCACCU C CCCACCC 


2815 


2504 


CCCACAU A CADUCCU 


2821 


2508 


CAUACAU U UCUGCCA 


2822 


2509 


AUACAUU U CUGCCAG 




2510 


UACAUUU C UGCCAGU 


2829 


2520 


CCAGUGU U CACAADG 


2837 


2521 


CAGUGUU C ACAAUGA 




2533 


UGACACU C AGOGGUC 


2847 


2540 


CAGCGGU C ADGUCUG 


2853 


2545 


GUCADGU C UGGACA0 


2860 


2568 


AGGGAAU A UGCCCAA 


2872 


2579 


CCAAGCU A UGCCUUG 


2877 


2585 


UADGCCU U GUCCUCU 


2899 


2588 


GCCUUGU C CUCUUGU 


2900 


2591 


UUGUCCU C UUGUCCU 


2904 


2593 


GUCCUCU U GUCCUGU 


2905 


2596 


CUCUUGU C CUGUUUG 


2906 


2601 


GUCCUGU U UGCAUUU 


2907 


2602 


UCCUGUU U GCAUUUC 


2908 


2607 


UUUGCAU U UCACUGG 


2909 


2608 


UUGCAUU U CACUGGG 


291 0 


2609 


UGCAUUU C ACUGGGA 


291 1 


2620 


GGGAGCU U GCACUAU 


2912 


2626 


UUGCACU A UUGCAGC 


2913 


2628 


GCACUAU U GCAGCUC 


291/1 


2635 


UGCAGCU C CAGUUUC 


2915 


2640 


CUCCAGU U UCCUGCA 




2641 


UCCAGUU U CCUGCAG 


2917 


2642 


CCAGUUU C CUGCAGU 


2918 


2653 


CAGUGAU C AGGGUCC 


2919 


2659 


UCAGGGU C CUGCAAG 


2931 


2689 


CCAAGGU A UUGGAGG 




2691 


AAGGUAU U GGAGGAC 


2941 


2700 


GAGGACU C CCUCCCA 


2951 


2704 


ACUCCCU C CCAGCUU 


2952 


2711 


CCCAGCU U UGGAAGG 


2955 


2712 


CCAGCUU U GGAAGGG 


2956 


2721 


GAAGGGU C AUCCGCG 


2961 


2724 


GGGUCAU C CGCGUGU 


2962 


2744 


UGUGUGU A UGUGUAG 


2965 



UAUGUGU A GACAAGC 
ACAAGCU C UCGCUCU 
AAGCUCU C GCUCUGU 
UCUCGCU C UGUCACC 
GCUCUGU C ACCCAGG 
GUGCAAU C AUGGUUC 
UCAUGGU U CACUGCA 
CAUGGUU C ACUGCAG 
CUGCAGU C UUGACCU 
GCAGUCU U GACCUUU 
UUGACCU U UUGGGCU 
UGACCUU U UGGGCUC 
GACCUUU U GGGCUCA 
UUGGGCU C AAGUGAU 
AAGUGAU C CUCCCAC 
UGAUCCU C CCACCUC 
CCCACCU C AGCCUCC 
UCAGCCU C CUGAGUA 
CCUGAGU A GCUGGGA 
GGACCAU A GGCUCAC 
AUAGGCU C ACAACAC 
GGCAAAU U UGAUUUU 
GCAAAUU U GAUUUUU 
AUUUGAU U UUUUUUU 
UUUGAUU U UUUUUUU 
UUGAUUU U UUUUUUU 
UGAUUUU U UUUUUUU 
GAUUUUU U UUUUUUU 
AUUUUUU U UUUUUUU 
UUUUUUU U U UUUUUU 
UUUUUUU U UUUUUUU 

uuuuuuu u uuuuuuc 
uuuuuuu U UUUUUCA 
UUUUUUU U UUUUCAG 
UUUUUUU U UUUCAGA 
UUUUUUU U UUCAGAG 
UUUUUUU U UCAGAGA 
UUUUUUU U CAGAGAC 
UUUUUUU C AGAGACG 
ACGGGGU C UCGCAAC 
GGGGUCU C GCAACAU 
GCAACAU U GCCCAGA 
CCAGACU U CCUUUGU 
CAGACUU C CUUUGUG 
ACUUCCU U UGUGUUA 
CUUCCUU U GUGUUAG 
UUUGUGU U AGUUAAU 
UUCUGUU A GUUAAUA 
UGUUAGU U AAUAAAG 
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2966 GOTOGUU A AUAAAGC 

2969 AGUUAAO" A AAGCUUU 

2975 UAAAGCU U UCUCAAC 

2976 AAAGCUU U CUCAAOJ 

2977 AAGCUUU C UCAACDG 
2979 GCUUUCU C AACOGCC 
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Mouse ICAM HH Target Sequence 
nt. Position Target Sequence 



PCT/IB95/00156 



nt Position Target Sequence 



n 

23 
26 
31 
34 
40 
48 
54 
58 
64 
96 
102 
108 
115 
119 
120 
146 
152 
158 
165 , 
168 
185 
209 
227 
230 
237 
248 
253 
263 
267 
293 
319 
335 
337 
338 
359 
785 
786 
792 
794 
807 
833 
846 
851 



CCCugGU C acCGuUG 
CaGuGgU u CUCUGCU 
uGgOuCU C UGCUcCU 
CUCUGCU c CUCcaca 
UuCUcaU a AGgGUcG 
gCAcAcU U GuAgCCU 
aggACCU C AGCCUgG 
C 
u 
C 
C 
a 

c 

C 
c 
C 



UggGCCU 
CaUgcCU 
cAcccCU 
CucugCU 
UgCcaGU 
cuCUGCU 
uGGuuCU 
GgaaUGU 
CUCUGcU 
CAGuCgU C 
UCUGUGU C 
UCCuguU u 
CAgAAGU u 
AAGcCuU C 
GGuGGgU C CGUGCaG 
gcCACuU C CUcUGgC 
CagAAGU U 
U 
u 
c 
A 
c 
C 
u 
A 
u 



GugADGG 
UaGCUCC 
CCAGCAG 
CDGGcCC 
CUGCDgG 
cuGGCcC 
UGcUCCu 
aCCAGGA 
CugGccC 
cGcuUCC 
agCCaCu 
AAAAacC 
gUuuUGC 

CUGCCCC 



AAGUUGU 
UGuGCuU 
AaCCCaU 
ccUGCCU 
AgGGuuU 
AGggGCU 
AAGcUGU 
AGgAGAU 
cUGUGCU 
GUcCaAU 0 
aGCUgUU u 
GuGCAGU C 
GGcCUGU U 
GcCUGUU u 
UggagGU C 
CugGgCU u GGAGaCu 
CuCgGaU a uACCUGG 
CAaAGcU c GAcaCCC 
CCcugGU C ACCgaUG 
GagACCU c UacCAgC 



GUUuuGC 
uuGCucc 
GAGAaCu 
uCCUAAA 
AggAaGA 
uCUaCUG 
CUGCCUa 
UGAgCUG 
cugAgCC 
UgagAAC 
CAcACUG 
gAgCUGa 
guCcGCU 
uCCuGcC 
CCuGcCU 
UCGGAaG 



367 
374 
375 
378 
386 
394 
420 
425 
427 
450 
451 
456 
495 
510 
564 
592 
607 
608 
609 
611 
656 
657 
668 
677 
" 634 
692 
693 
696 
709 
720 
723 
735 
738 
765 
769 
770 
1353 
1366 
1367 
1363 
1330 
1388 
1398 
1402 



AAugGCU u 
gAAgCCU U 
AAgCCUU C 
CuacCaU C 
ACCSUGU A 
CcGGACU u 
CACaCuU C 
CaCCCCU C 
CagCUCU c 
AGgACCU c 
GAAaCcU u 
UOACCCU c 
CuAcCaU C 
UGCUGCU C 
CUcAGGU a 
GAaAGAU C 
AGCCAAU U 
GCCAAUU U 
CCAADUU C 
AAUUUCU C 
aAGCDGU U 
AGCUGUU U 
cgagCCU a 
GaCCuCU A 
uuCAGCU C 
CgGACuU U 
AGgaCcU c 
CCUgUuU C 
gGCGgOJ C 
uACAACU U 
AACUUuU C 
aCCaGaU C 
uGGgCCU c 
CaGUcGU C 
GGcCOGU U 
uUuCGcU C 
AGUGggU c 
UaaCAgU c 
aGCACcU c 
GuACUgU a 
UGCCCAU C 
GGaGAcU C 
UGgCUGU C 
UGUgcuU u 



cAACCcg 
CCUgcCC 
OJgcCCc 
ACCGUGU 
uUcGuuU 
ucGAuCu 
CCCcCcg 
ccaGCAG 
aGCAGug 
ACCCUgC 
uCCUuuG 
aGCcaCu 
ACCGUGu 
CGUGGGG 
uCcAuCc 
ACaugGG 
UCUCaUG 
OJCaDGC 
UCaOGCC 
aDGCCGC 
UGAGcug 
GAGcugA 
GGCCaCC 
CCAGCcu 
CgGuCCU 
cGauCUu 
acCCUGC 
CUGCCuc 
CaCCuCA 
uUCAGCu 
AGCuCCg 
CUgGAGa 
GuGaUGG 
cGcUuCC 
uCCUGcc 
COJGGAa 
gAaGgUG 
UaCaACU 
CCCACcu 
CCACUcu 
GGGGugg 
AGUGgCU 
ACagaAc 
GAGAaCU 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



PCT/IB95/00156 



178 



863 


AgCcACU u CcUCUgG 


1408 


866 


GAagCCU U CcuGcCC 


1410 


867 


AuUCgUU u cCGGagA 


1421 


869 


UCuUcCTJ C augCAAG 


1425 


881 


AuGGCuU C AacCcGU 


1429 


885 


CCUugGU a gagGUGA 


1444 


933 


cUauAaU c ADuCUGG 


1455 


936 


uAaUcAU u CUGGuGc 


1482 


978 


UaACagU C UACAaCU 


1484 


980 


ACagUCU A CAaCOUU 


1493 


986 


UACAaCU U UuCaGCu 


1500 


987 


ACAaCUU U uCaGCuC 


1503 


988 


CAaCUUU u CaGCuCC 


1506 


1005 


ACcaGAU c CUGgaGA 


1509 


1006 


uGaGAgU C UGggGAA 


1518 


1023 


ugGAGGU C UCgGAAG 


1530 


1025 


GAGGOCU C gGAAGGG 


1533 


1066 


CCACuCU c aAaauAA 


1551 


1092 


AcuGGaU c uCAGgCC 


1559 


1093 


UGGaccU u CAGCCaA 


1563 


1125 


CCCAaCU C uUcuOGA 


1565 


1163 


CGaAGCU.U CUuuUGC 


1567 


1164 


GaAGCUU C UuuUGCU 


1584 


1166 


AGCUUCU u uUGCUCU 


1592 


1172 


UCCUGuU u aaaAACC 


1599 


1200 


cuCuGCU c cUcCACA 


1651 


1201 


gCuGCDU u UgaACAg 


1661 


1203 


AcuUUuU u CACcAGu 


1663 


1227 


GGuAcaU a CGUGUgC 


1678 


1228 


GaAGCOU C uUuUgCU 


1680 


1233 


UUCGUuU C CgGagaG 


1681 


1238 


GUgCUGU A UGGuCCu 


1684 


1264 


GAaGGgU c GUgCaaG 


1690 


1267 


uGAgaGU C uGGGgAA 


1691 


1294 


AGgAgAU a CugAGCc 


1696 


1295 


GAgggga C uCAGCAG 


1698 


1306 


GCAGACa C ugAaaUG 


1737 


1321 


gaAGGCQ c aGGaGgA 


•1750 


1334 


AACCCAU c nCCuaAa 


1756 


1344 


auGAGCU C gAGaGUg 


1787 


1351 


ugAaUGU a UAAguuA 


1790 


1793 


UgGUCCU C gGcugGA 


2173 


1797 


CacCAGU C AcAHAaA 


2174 


1802 


acCAGAU c CuggAGa 


2175 


1812 


ACuGgAU c UcaGGCC 


2176 


1813 


CAGCAUU U acccuCA 


2183 


1825 


CCAcGcU A CCUcugC 


2185 


1837 


CAugCCU u uAgCuCc 


2186 


1845 


cgAgcCU A GGCCACc 


2187 



gCGAGAU C ggGgaGG 
GAGgOCa c GgaaGgg 
ccCACCU A CuOuUGU 
aCOgCCU u gGUaGaG 
uCDCUaU u GccCCuG 
GAaggCU C AgGaGGA 
GGaAuGU C ACCaGga 
AguUGuU u UgCuCCC 
cDGuUCU u CCuCauG 
CuguGcU u OGAGAac 
ADGAaAU c aUggUCc 
gGAcUaU a AUCADuc 
UUaUguD u AUaACcG 
cuAcCAU C ACcGOGu 
ucaUGGU c cCAGgCG 
CuaxiAaU C AUucDGG 
ugGOCAU u gDGGGCc 
CAxiGCOJ u AGCAgcU 
AGCACcU c CCcaccU 
CuUAugU u DAUAACC 
QAugUua A UAACCGC 
ugUuUAU A ACCGCCA 
GaAAGAU C AgGAuAU 
AgGAuAU A CAaguUA 
ACAaguU A CAgaAGG 
CcCaCCU C CCUGAgC 
gaAACCU u UCCuuuG 
AACCUuU C CuuuGAa 
AGGaCCU C agCCUgG 
aGCCaOJ U CCUCuGg 
GCCaCUD C CUCuGgC 
aCDUCCU C uGgCUgu 
cCGGaCU U uCgAUcU 
CGGaCOCT u CgAUcUU 
UgCCCAU c ggGGUGG 
CggADAU a ccOSGag 
gAGACcU c UaCCAgc 
gGCgGCtJ c CACCOca 
gAagCCU u CCuGCCC 
gaGaCAU U GUCCcCA 
GCADUGU u OTCuaau 
UUagagU D UUACCAG 
UagagUU U UACCAGC 
agagOOU U ACCAGCU 
gagOUUU A CCAGCUA 
ACCAGCU A UUUAUUG 
CAGCUAU U UAUUGAG 
AGCUAUU U ADUGAGU 
GCUAUUU A UCXSAGUa 
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-o JO 


uggacjuu u cGAUCuu 


2189 


1861 


Ar^nnsjT r» rTo^-xm^ 

/tUa-UlsrlU a. UCCAoUa 


2196 


1865 


f ft iTlt'lT 7 ft. 
CACUUbu A GCCUCAg 


2198 


1863 


Oa/^rirTT f* l*/"^ftTT-» X 

uaCt-fiuU \_ 


2199 


1877 


wiuvjcwu u AGCagcu 


2200 


1901 


UiiAaAUU v. AAGggAC 


2201 


1912 


ftUftuay v-» a VaAUCagU 


2205 


1922 


wvjcmuw Ck UnnuwUo 


2210 


1923 




2220 


1928 






1930 


AcAGUuU u aCCaO-H 




1964 


GAGACAU u GuCCC^a 


ZZJ J 


1983 


AGGAuAU A CAAgUua 




1996 


aGGAoAU A CCGAccC 




2005 


UGcAcCU a GPaGaCg 


ZZ04 


2013 


GCOaiiutT A nrsEafSTTA 




2015 




2260 


2020 


yguijouu C UUCUGAG 


2266 


2039 


n^^f>^^ftf*T*t a «w^*H^»ft _ 

yv»uv3yuu a gwUSAgG 


2274 


2040 


v-U.vjrvL.CU C UUGgAGg 


2279 




ULjCULa. J C CAcAucC 


2282 


9fin1 


CuaCCAU c acCgUGU 


2288 


2071 


fft y-n imr*TT & ^^*»THn^ M 

vacuuou a oN-CLv«Ag 


2291 


2076 


wJiUaccu L. AgAgcua 


2321 


2057 


uaAcucu U ClluGAuG 


2338 


2QQ8 


^*ft.^^ft ^TTTT ^ ^» 

UiUiUJU C CCCCCcG 


2339 




Lfv-wUjuu c Gv^aggaU 


2341 


2128 


uavjcuau u UAuuGAg 


2344 


2130 


v-wu^^ULlU C V— UL>C vJwlC- 


2358 


2145 


U-VAUiLU u cuuGAug 


2359 


2152 


uauuaAu u uagAguu 


2360 


2156 


uuyAuuu A UUUAUua 


2376 


2158 


crATTnTTATT T7 TTATTTTjaaTT 


2377 


2159 


AnnTTATTTT TT atttt 
*VJ\3\J±VJKJ VJ AUUaAUU 


2378 


2160 


TTTZXTATTTTTT 24 T7TT-» ■» i tt ttt 


2379 


2162 


TTA TTT TTT ATT TT aSnrffT^ — 

uauuuau u aAuuuag 


2380 


2163 


AuguAuu u AUuaaUu 


2382 


2166 


ttCUUww U CUCUAUU 


2384 


2167 


AuguAuu u auuAaUU 


2399 


2170 


uAuuuau u AauuuAg 


2401 


2171 


& rrFTT VilTTT « 1 TT^r^rr^yv^ 
Ayuuuuu \i ugcUCCC 


2411 


2417 


crAADGGU a CAnArt^TT 


2691 


2418 


AcOGGaa C uCAGGcc 


2700 


2425 


CAugGGU c gAGgGuU 


2704 


2426 


AuuaaUU u AGAGuUTj 


2711 


2433 


uAGAGuTJ TJ uaCCAGc . 


2712 


2434 


AGAGuUU u aCCAGcu 


2721 


2448 


GAaGCCXJ U ccI^CcC 


2724 


2449 


AaGCOKJ c cUgCcCC 


2744 



UAUUUAU U GAGUacC 
caAcUcU u cUUgAUG 
gcaGcCU c UUAUGUu 
GccUCUU a UgUuUAu 
UcOuccU c AUGcAaG 
aagUUUU A UGUcGGC 
UUUAUGU c GGCcugA 
GgAGaCU c AgUGgcu 
cuggCAU u GuUCUCU 
CucAGGU a UCcauCC 
UgGaUCU C aGGCCgC 
CUGaCCU C cuGGAGg 
uGGAGCU a gCgGaCC 
UauCcaU C CAUccCA 
UCCAauU C ACAcUgA 
aUCACAU U CAcGGUg 
UCACAUU C AcGGUgc 
ggAAuGU C ACCAGGa 
ACCAGaU c CuGgaGa 
GaAggGU c GUgCAaG 
aAGcUGU u ugaGcUG 
UAuAaGU U aUggcCU 
caGUgGU u CuCUGCu 
gAAAGAU C AcAUGGG 
UGaGACU c CUgccUG 
GaaACcU u UCcUUuG . 
GACcUCU a ccaGcCu 
UUucgAU c uuCCAgC 
CCcagCU c UCagCAG 
CUGCuUU U gaaCAGA 
aaCCUUU C CuuuGAA 
agGUGgU U cUUCUga 
gGUGgUU c UUCUgag 
agGgUUU c UCUAcuG 
UGcUUUU c ucAUaaG 
aAgUUUU a UgUCGGC 
aUUcUCU A UuGcCcC 
aUcCagU a GaCACAA 
AAaCACU A UgUGGAC 
aagCUgU u UGagCUG 
uACUGGU c AgGaUgC 
AAuGUcU c cGAGGcC 
GAaGcCU u CCUgCCc 
gacCuCU a CCAGCcU 
CCCAGCU c UcagcaG 
gagGucU c GGAAGGG 
GAAGGGU C gUgCaaG 
CGuaCAU a CGuGUGc 
gGUGgGU c cGUGcAG 
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2451 


GCCUguU U CCDgCCU 


2452 


CCuguuu C CUgCCUc 


2455 


gAagCCU u CCUgCCC 


*)A CO 


ccacacu u cclx_CCc 


2460 


CaCaCUU C CCCCCcg 




GAgACCU c uaccAGC 




UUAtA,gU U bUgAUCC 




uuaauvjU c agccacc 


"5/ Oil 

24o4 


CUUUuuu c aCCAguc 


■6*4 .7 


agt-AitAJU c cccaccu 




CCCACcu A CuUUUgU 


25Uo 


uAUcCAU c caUcCCA 


2509 


uuAgAgU U uUaCCAG 




UAgAgUU u UaCCAGc 




CuuuDGO U CcCAADG 




CAGcaUU u ACccUcA 


^ j j j 


uvjiuiguu u Aoguauc 




CAGCaGu C cgcDguG 




^jUgCLKjU a UGGUCCU 


2568 


gu.Vjei/\y U C UVjLU. gftA 




auAAGuU A UGgCcDG 




cugGCaU U GDuCDCU 


zooo 


GCaUUGU u CUCUaaU 


2591 


UgGUuCU C UgcUCCU 




cUUCOuU U GcuCDGc 


2596 


CUuUUGu u CccaaUG 


2601 


acCgCGU a UuCgUUU 


2602 


UCCaGcU a cCAUccC 


2607 


cUcGgAU a UacCDGG 


2608 


caGCAgO c CgCOGuG 


2609 


gGaAUgU C ACcaGGA 


2620 


aGGAcCU c aCcCOgc 


2626 


UUuCgaU c UUcCAGC 


2628 


GCACacU U GuAGCcu 




UuCAGCU C CgGOccu 




ggCCuGU XJ UCuugcc 


9<ZT 


cCCAGcU c uCaGCAG 




CCuGOUU C CUGCcuc 


2o5«3 


uAcDGgU C AGGaUgC 


io59 


gaAGGGU C gtJGCAAG 


ioo9 


CuAAuGU c UccGAGG 


2941 


GagACAU U GuCCccA 


2951 


CCAcgCU a CCUcOGc 


2952 


CAGcagU C CgcDGUG 


2955 


AgUgaCU c UGUGUcA 


2956 


uUUCCUU U GaaUcAa 


2961 


UcUGDGU c AGccAcU 


2962 


aUGUaDU u aUUAADu 


2965 


UuUgAaU c AADAAAG 



2750 UAUuUaCJ u GAguAcC 

2759 cCggaCU u UCGaUCU 

2761 AgGacCU C aCcCUGc 

2765 UuUuGCU C UGcCgCu 

2769 agUCUOT C AaaCAGG 

2797 aUGaAAU C AUGGUcC 

2803 UCADGGU c CcagGCg 

2804 ggOGGcU C cgUGCAG 
2813 CUcCgGU C cUGACCc 
28 *5 aCAGUCU a cAaCUUU 

2821 cUGACCU c cOGGagg 

2822 gGAgCcU c cGGaCUu 

2823 ugCCOUU a GcuCcCA 
2829 cCGGaCU a uAaUcAU 
2837 AgGOGgU u CUuCuga 
2840 OGAgaCU C CugCCUg 
2847 CCaAugU C AGCCaCC 
2853 gCAGCCU C uUauGUu 
2860 gCcaAGU A aCUGuGA 
2872 GGACCuU c aGCcaAg 
2877 uUccGCU a cCAuCAC 

2899 cGgAcuU a cGAUcDU 

2900 uuAAuDU a GAgUUUU 

2904 AcUUcAU U cUcUaUU 

2905 cUUcADU c UcUaUUg 

2906 DUGAUgU a GUUaUUa 

2907 DGuaUUU a UUaaUUU 

2908 GAagcUU c CUUUgcD 

2909 AgcDUcU U UUgcOcU 

2910 UgUaUUU a UUaaUUU 

2911 UgUaUUU a UUaaUUU 

2912 UUgUUcU c UaaUgUC 

2913 UUUcUcU a cUggUCA 

2914 UgcUUUU c UcaUaAG 

2915 aUUUaUU a aUUuAGA 

2916 UaUUcgU U UcCgGAG 

2917 aUUcgUU U cCgGAGA 

2918 UUcgUUU c CgGAGAg 

2919 UUcUcaU a AGgGuCG 
2931 ugGaGGU C UCGgAAg 
2933 GaGGUCU C GgAAggg 
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2966 


GcUgGcU A gcAgAGg 


2969 


AaUcAAD A AAGuUUU 


2975 


UnyfluUU U UdCCACC 


2976 


gAgGgUU U CUCuACU 


2977 


AAGCUgU u UgAgCUG 


2979 


uCaUUCU C uAuOGCC 
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Table 4 

Human ICAM HH Ribozyme Sequences 

nt. Position Ribozyme Sequence 



11 CAGCGUC CDGAUGAGGCCGAAAGGCCGAA ACUGGGG 

23 AGCAGAG CUGAUGAGGCCGAAAGGCCGAA AGCUCAG 

26 AGUAGCA CCGADGAGGCCGAAAGGCCGAA AGGAGCU 

31 COCOGAG OJGAOGAGGCCGAAAGGCCGAA AGCAGAG 

34 CAACUCU COGADGAGGCCGAAAGGCCGAA AGOAGCA 

40 AGGOOGC COGADGAGGCCGAAAGGCCGAA ACUCOGA 

48 CGAGGCU COGADGAGGCCGAAAGGCCGAA AGGDUGC 

54 CCAUAGC CUGAUGAGGCCGAAAGGCCGAA AGGCCGA 

58 GGAGCCA COGADGAGGCCGAAAGGCCGAA AGCGAGG 

64 CUGCUGG COGADGAGGCCGAAAGGCCGAA AGCCAUA 

96 GGACCAG COGADGAGGCCGAAAGGCCGAA AGOGCGG 

102 CGAGCAG COGADGAGGCCGAAAGGCCGAA ACCAGGA 

108 GAGCCCC COGADGAGGCCGAAAGGCCGAA AGCAGGA 

115 GGGAACA COGADGAGGCCGAAAGGCCGAA AGCCCCG 

11S OCCOGGG COGADGAGGCCGAAAGGCCGAA ACAGAGC 

120 GOCCOGG COGADGAGGCCGAAAGGCCGAA AACAGAG 

146 GGACACA COGADGAGGCCGAAAGGCCGAA ADGOCCG 

152 OGAGGGG COGADGAGGCCGAAAGGCCGAA ACACAGA 

158 GACOOOO COGADGAGGCCGAAAGGCCGAA AGGGGGA 

165 GCAGGAU COGADGAGGCCGAAAGGCCGAA ACODOOG 

168 QGGGCAG COGADGAGGCCGAAAGGCCGAA ADGACDU 

185 CAGCACG COGADGAGGCCGAAAGGCCGAA AGCCOCC 

209 GOCACAG COGADGAGGCCGAAAGGCCGAA AGGOGCO 

227 GCCCAAC COGADGAGGCCGAAAGGCCGAA ACOOGGG 

230 DADGCCC COGADGAGGCCGAAAGGCCGAA ACAACDO 

237 GGGOCOC COGADGAGGCCGAAAGGCCGAA ADGCCCA 

248 DOOAGGC COGADGAGGCCGAAAGGCCGAA ACGGGGO 

253 OCCDUOO COGADGAGGCCGAAAGGCCGAA AGGCAAC 

263 CAGGAGC COGADGAGGCCGAAAGGCCGAA ACDCCOD 

267 CAGGCAG COGADGAGGCCGAAAGGCCGAA AGCAACU 

293 CAGOOCA COGADGAGGCCGAAAGGCCGAA ACACCOO 

319 GGOOGGC COGADGAGGCCGAAAGGCCGAA ADCUOCO 

335 GOOOGAA COGADGAGGCCGAAAGGCCGAA AGCACAD 

337 CAGOOOG COGADGAGGCCGAAAGGCCGAA AUAGCAC 

338 GCAGOOO COGADGAGGCCGAAAGGCCGAA AADAGCA 
359 AGCOGDO COGADGAGGCCGAAAGGCCGAA ACDGCCC 
367 AAGGODD COGADGAGGCCGAAAGGCCGAA AGCOGOO 

374 GGOGAGG COGADGAGGCCGAAAGGCCGAA AGGOOOU 

375 CGGOGAG COGADGAGGCCGAAAGGCCGAA AAGGODD 
378 ACACGGO COGADGAGGCCGAAAGGCCGAA AGGAAGG 
386 AGOCCAG COGADGAGGCCGAAAGGCCGAA ACACGGO 
394 CGOOCOG COGADGAGGCCGAAAGGCCGAA AGUCCAG 
420 AAGAGGG COSAOGAGGCQ3&AAGGCCGAA AGGGGOG 
425 COGCCAA COGADGAGGCCGAAAGGCCGAA AGGGGAG 
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427 GGCDGCC CDGADGAGGCCGAAAGGCCGAA AGAGGGG 

450 GUAGGGU CDGADGAGGCCGAAAGGCCGAA AGGUUCU 

451 CGUAGGG CUGAUGAGGCCGAAAGGCCGAA AAGGUUC 
456 GGCAGCG CUGADGAGGCCGAAAGGCCGAA AGGGUAA 
495 CCACGGU CUGADGAGGCCGAAAGGCCGAA AGGUUGG 
510 CCCCACG CDGADGAGGCCGAAAGGCCGAA AGCAGCA 
564 UGGUCGU CUGADGAGGCCGAAAGGCCGAA ACCUCAG 
592 CCADGGU CUGADGAGGCCGAAAGGCCGAA ADCUCUC 

607 CACGAGA CUGAUGAGGCCGAAAGGCCGAA ADDGGCU 

608 GCACGAG CDGADGAGGCCGAAAGGCCGAA AADUGGC 

609 GGCACGA CDGADGAGGCCGAAAGGCCGAA AAADDGG 
611 GCGGCAC CDGADGAGGCCGAAAGGCCGAA AGAAADD 

656 GUUCUCA CDGADGAGGCCGAAAGGCCGAA ACAGCDC 

657 DGUUCUC CDGADGAGGCCGAAAGGCCGAA AACAGCD 
668 GGGGGCC CDGADGAGGCCGAAAGGCCGAA AGGDGDU 
677 GAGCDGG CDGADGAGGCCGAAAGGCCGAA AGGGGGC 
634 AGGUCDG CDGADGAGGCCGAAAGGCCGAA AGCUGGU 

. 632 CAGGACA CDGADGAGGCCGAAAGGCCGAA AGGUCDG 

693 GCAGGAC CDGADGAGGCCGAAAGGCCGAA AAGGDCD 

696 CDGGCAG CDGADGAGGCCGAAAGGCCGAA ACAAAGG 

709 DGDGGGG CDGADGAGGCCGAAAGGCCGAA AGDCGCD 

720 GGCDGAC CDGADGAGGCCGAAAGGCCGAA AGDDGDG 

723 GGGGGCD CDGADGAGGCCGAAAGGCCGAA ACAAGDU 

735 CCDCDAG CDGADGAGGCCGAAAGGCCGAA ACCCGGG 

738 CCACCDC CDGADGAGGCCGAAAGGCCGAA AGGACCC 

765 GGGAACA CDGADGAGGCCGAAAGGCCGAA ACCACGG 

769 UCCAGGG CDGADGAGGCCGAAAGGCCGAA ACAGACC 

770 GUCCAGG CUGAIX3AGGCCGAAAGGCCGAA AACAGAC 

785 GACUGGG CDGADGAGGCCGAAAGGCCGAA ACAGCCC 

786 AGACUGG CDGADGAGGCCGAAAGGCCGAA AACAGCC 
792 CCOCCGA CDGADGAGGCCGAAAGGCCGAA ACDGGGA 
794 GGCCUCC CDGADGAGGCCGAAAGGCCGAA AGACDGG 
807 CCAGGDG CDGADGAGGCCGAAAGGCCGAA ACCUGGG 
833 GGGGDDC CDGADGAGGCCGAAAGGCCGAA ACCDCOG 
846 CAUAGGU CDGADGAGGCCGAAAGGCCGAA ACDGDGG 
851 • GDDGCCA CUGADGAGGCCGAAAGGCCGAA AGGDGAC 
Q 63 CGAGAAG CDGATCAGGCCGAAAGGCCGAA AGDCGDD 

8 66 GGCCGAG CDGADGAGGCCGAAAGGCCGAA AGGAGDC 

867 DGGCCGA CDGADGAGGCCGAAAGGCCGAA AAGGAGD 
865 CDDGGCC CDGADGAGGCCGAAAGGCCGAA AGAAGGA 
881 ACDGACD CDGADGAGGCCGAAAGGCCGAA AGGCCDD 
885 UCACACU CUGADGAGGCCGAAAGGCCGAA ACDGAGG 
933 CCAGDAD CDGADGAGGCCGAAAGGCCGAA ACDGCAC 
936 UCCCCAG CDGADGAGGCCGAAAGGCCGAA ADDACUG 
978 AGCDGDA CUGADGAGGCCGAAAGGCCGAA AUGGDCA 
980 AAAGCOG CDGADGAGGCCGAAAGGCCGAA AGADGGD 

986 CGCCGGA CDGADGAGGCCGAAAGGCCGAA AGCDGDA 

987 GCGCCGG CUGADGAGGCCGAAAGGCCGAA AAGCOGD 
* 988 GGCGCCG CDGADGAGGCCGAAAGGCCGAA AAAGCUG 
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10 °5 UCGUCAG CDGAUGAGGCCGAAAGGCCGAA ADCACGU 

1006 UUCGDCA CDGAUGAGGCCGAAAGGCCGAA AADCACG 

1023 CUUCDGA CUGADGAGGCCGAAAGGCCGAA ACCUCUG 

1025 CCCDDCD CX3GAUGAGGCCGAAAGGCCGAA AGACCUC 

1066 DUGGCUC OJGADGAGGCCGAAAGGCCGAA AGGGUGG 

1092 GGGCUGG CUGADGAGGCCGAAAGGCCGAA ACCCCAU 

10 -3 UGGGCDG CUGADGAGGCCGAAAGGCCGAA AACCCCA 

1125 UCAGCAG CUGADGAGGCCGAAAGGCCGAA AGCUGGG 

1163 GCAGGAG CUGADGAGGCCGAAAGGCCGAA AGCUGCG 

1164 AGCAGGA CUGAUGAGGCCGAAAGGCCGAA AAGCUGC 
1156 AGAGCAG CUGADGAGGCCGAAAGGCCGAA AGAAGCU 
1172 GGUUGCA CUGADGAGGCCGAAAGGCCGAA AGCAGGA 

1200 UGUGUAU CUGADGAGGCCGAAAGGCCGAA AGCUGGC 

1201 UDGDGDA CUGADGAGGCCGAAAGGCCGAA AAGCUGG 
1203 UCUUGUG CUGADGAGGCCGAAAGGCCGAA ADAAGCD 

1227 GGACACG CUGADGAGGCCGAAAGGCCGAA AGCDCCC 

1228 AGGACAC CDGAUGAGGCCGAAAGGCCGAA AAGCDCC 
1233 CADACAG CUGADGAGGCCGAAAGGCCGAA ACACGAA 
1238 GGGGCCA CUGADGAGGCCGAAAGGCCGAA ACAGGAC 
1264 CCCGGAC CUGAUGAGGCCGAAAGGCCGAA ADCCCUC 
I 267 UUUCCCG CDGAUGAGGCCGAAAGGCCGAA ACAADCC 

1294 UGCUGGG CUGADGAGGCCGAAAGGCCGAA ADDUDCD 

1295 CUGCUGG CUGAUGAGGCCGAAAGGCCGAA AADUUUC 
1306 CACAUUG CUGAUGAGGCCGAAAGGCCGAA AGDCUGC 
1321 UDCCCCC CUGADGAGGCCGAAAGGCCGAA AGCCDGG 
1334 CDCGGGC CUGADGAGGCCGAAAGGCCGAA AUGGGDU 
1344 GACACOU CUGADGAGGCCGAAAGGCCGAA AGCOCGG 
1351 DCCDDDA CUGADGAGGCCGAAAGGCCGAA ACACDUG 
1353 CAUCCUU CUGADGAGGCCGAAAGGCCGAA AGACACU 

1366 AGDGGGA CUGADGAGGCCGAAAGGCCGAA AGDGCCA 

1367 CAGDGGG CUGADGAGGCCGAAAGGCCGAA AAGDGCC 

1368 GCAGDGG CUGAUGAGGCCGAAAGGCCGAA AAAGUGC 
1380 ADOCCCC CUGADGAGGCCGAAAGGCCGAA ACGGGCA 
1388 AGUCACU CUGAUGAGGCCGAAAGGCCGAA AUUCCCC 
1398 CUCGAGU CUGAUGAGGCCGAAAGGCCGAA ACAGUCA 
1402 AGADCUC CUGADGAGGCCGAAAGGCCGAA AGUGACA 
1408 CCCUCAA CUGAUGAGGCCGAAAGGCCGAA ADCUCGA 
1410 UGCCCUC CUGADGAGGCCGAAAGGCCGAA AGADCOC 
1421 ACAGAGG CUGADGAGGCCGAAAGGCCGAA AGGDGCC 
1425 CCCGACA CUGADGAGGCCGAAAGGCCGAA AGGDAGG 
1429 CDGGCCC CUGADGAGGCCGAAAGGCCGAA ACAGAGG 
1444 DCCCCUU CUGAUGAGGCCGAAAGGCCGAA AGUGCUC 
1455 CGCGGGU CUGAUGAGGCCGAAAGGCCGAA ACCUCCC 

• 1 4 82 GGGGGGA CUGADGAGGCCGAAAGGCCGAA AGCACAD 

1 4 84 CCGGGGG CUGAIX2AGGCCG3ttAGCXXG^ AGAGCAC 

1493 AAUCUCA CUGAUGAGGCCGAAAGGCCGAA ACCGGGG 

1500 DGADGAC CUGADGAGGCCGAAAGGCCGAA ADCDCAU 

1503 DGADGAU CDGAUGAGGCCGAAAGGCCGAA ACAADCU 

1506 CAGUGAU CUGAUGAGGCCGAAAGGCCGAA ADGACAA 
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1509 CCACAGU OTGADGAGGCCGAAAGGCCGAA ADGAUGA 

1518 CGGCUGC CTCAUGAGGCCGAAAGGCCGAA ACCACAG 

1530 CCAUUAU CDGADGAGGCCGAAAGGCCGAA ACDGCGG 

1533 UGCCCAU CDGADGAGGCCGAAAGGCCGAA ADGACUG 

1551 ACGUGCU CDGADGAGGCCGAAAGGCCGAA AGGCCUG 

1559 AUAGAGG. CDGADGAGGCCGAAAGGCCGAA ACGDGCU 

1563 GGUUADA CDGAOSAGGCCGAAAGGCCGAA AGGUACG 

1565 GCGGUDA CDGAU3AGGCCGAAAGGCCGAA AGAGGUA 

1567 UGGCGGU CDGADGAGGCCGAAAGGCCGAA AUAGAGG 

1584 AUUUCDU CDGADGAGGCCGAAAGGCCGAA ADCDCCC 

1592 OAGUCUG CDGADGAGGCCGAAAGGCCGAA AUUUCUU 

1599 CCDGDDG CDGADGAGGCCGAAAGGCCGAA AGUCDGU 

1651 GUUCAGG CDGADGAGGCCGAAAGGCCGAA AGGCGDG 

1661 CCCGGGA CDGADGAGGCCGAAAGGCCGAA AGGDOCA 

1663 GDCCCGG CDGADGAGGCCGAAAGGCCGAA AUAGGUU 

1678 CGAGGAA CDGADGAGGCCGAAAGGCCGAA AGGCCOJ 

1680 GCCGAGG CDGADGAGGCCGAAAGGCCGAA AGAGGCC 

1681 GGCCGAG CDGADGAGGCCGAAAGGCCGAA AAGAGGC 
1684 GAAGGCC CDGADGAGGCCGAAAGGCCGAA AGGAAGA 

1690 ADAUGGG CDGADGAGGCCGAAAGGCCGAA AGGCCGA 

1691 AAUADGG CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
1696 CCACCAA CDGADGAGGCCGAAAGGCCGAA ADGGGAA 
1698 DGCCACC CDGADGAGGCCGAAAGGCCGAA ADADGGG 
1737 CADGGCA CDGADGAGGCCGAAAGGCCGAA ADGDCDD 
1750 GOAGGDG CDGADGAGGCCGAAAGGCCGAA AGCOGCA 
1756 GGGCCGG CDGADGAGGCCGAAAGGCCGAA AGGDGDA 
1787 DGAGGAC CDGADGAGGCCGAAAGGCCGAA ADGCCCD 
1790 GACDGAG CDGADGAGGCCGAAAGGCCGAA ACAADGC 
1793 UCDGACD CDGADGAGGCCGAAAGGCCGAA AGGACAA 

1797 dguadcu cdgadgaggccgaaaggccgaa acdgagg 

1802 GCDGDDG CDGADGAGGCCGAAAGGCCGAA ADCDGAC 

1812 GGCCCCA CDGADGAGGCCGAAAGGCCGAA ADGCDGD 

1813 DGGCCCC CUGADGAGGCCGAAAGGCCGAA AADGCDG 
1825 GDGCAGG CDGADGAGGCCGAAAGGCCGAA ACCADGG 
1837 AGUGUUU CDGADGAGGCCGAAAGGCCGAA AGGUGDG 
1845 CGOGGCC CDGADGAGGCCGAAAGGCCGAA AGDGDUU 
1856 CAGAUCA CDGADGAGGCCGAAAGGCCGAA ADGCGDG 
1861 GACUACA CDGADGAGGCCGAAAGGCCGAA AUCAGAU 
1865 ADGDGAC CDGADGAGGCCGAAAGGCCGAA ACAGADC 
1868 GDCADGU CDGADGAGGCCGAAAGGCCGAA ACUACAG 
1877 CDDGGCD CDGADGAGGCCGAAAGGCCGAA AGDCADG 
1901 ADGDCOU CDGADGAGGCCGAAAGGCCGAA AGDCDDG 
1912 ADCCADC CDGADGAGGCCGAAAGGCCGAA ADCADGU 

1922 AGACDUU CDGADGAGGCCGAAAGGCCGAA ACADCCA 

1923 UAGACDU COSADGAGGCCGAAAGGCCGAA AACADCC 
1928 CAGGCUA CUGADGAGGCCGAAAGGCCGAA ACUDUAA 
1930 ADCAGGC CDGADGAGGCCGAAAGGCCGAA AGACDUU 
1964 GDGGGGC CDGADGAGGCCGAAAGGCCGAA ADGUCDC 
1983 CCAGDDG CDGADGAGGCCGAAAGGCCGAA ADGUCCU 
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1996 GUUUCAG CUGACGAGGCCGAAAGGCCGAA ADDUCCC 

2005 AGGCAGC CXJGAD3AGGCCGAAAGGCCGAA AGUUUCA 

2013 UACCCAA CUGAUGAGGCCGAAAGGCCGAA AGGCAGC 

2015 CAUACCC CXJGADGAGGCCGAAAGGCCGAA AUAGGCA 

2020 CDCAGCA CDGAU2AGGCCGAAAGGCCGAA ACCCAAU 

2039 CUOCDGa CUGAUGAGGCXX3AAAGGCCGAA AGUCUGU 

2040 UCUUCUG CUGAUGAGGCCGAAAGGCCGAA AAGDCUG 
2057 GUCUAUG CUGAUGAGGCCGAAAGGCCGAA AGGGCCA 
2061 ACAUGUC CUGATCAGGCCGAAAGGCCGAA AOGGAGG 
2071 UUGAUGC CUGAUGAGGCCGAAAGGCCGAA ACACACG 
2076 GUGUUUU CUGAUGAGGCCGAAAGGCCGAA AUGCUAC 

2097 CGUCAGG CUGAUGAGGCCGAAAGGCCGAA AGUGUGG 

2098 CCGUCAG CUGAUGAGGCCGAAAGGCCGAA AAG U G U G 
2115 AGUGCCC CUGAUGAGGCCGAAAGGCCGAA AGCUGGC 
2128 GUCAGUA CUGAUGAGGCCGAAAGGCCGAA ACAGCAG 
2130 GGGUCAG CUGAUGAGGCCGAAAGGCCGAA AGACAGC 
2145 UAUCAUC CUGAUGAGGCCGAAAGGCCGAA AGGGUUG 
2152 AAAUACA CUGAUGAGGCCGAAAGGCCGAA AUCAUCA 
2156 GAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACAUAUC 

2158 AUGAAUA CUGAUGAGGCCGAAAGGCCGAA ADACAUA 

2159 AADGAAU CUGAUGAGGCCGAAAGGCCGAA AADACAU 

2160 AAAUGAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2162 ACAAAUG CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

2163 AACAAAU CUGAUGAGGCCGAAAGGCCGAA AAUAAAU 

2166 AAUAACA CUGAUGAGGCCGAAAGGCCGAA AUGAAUA 

2167 AAAUAAC CUGAUGAGGCCGAAAGGCCGAA AAUGAAU 

2170 GUAAAAU CUGAUGAGGCCGAAAGGCCGAA ACAAAUG 

2171 GGUAAAA CUGAUGAGGCCGAAAGGCCGAA AACAAAU 

2173 CUGGUAA CUGAUGAGGCCGAAAGGCCGAA AUAACAA 

2174 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AAUAACA 

2175 AGCUGGU CUGAUGAGGCCGAAAGGCCGAA AAAUAAC 

2176 UAGCUGG CUGAUGAGGCCGAAAGGCCGAA AAAAUAA 
2183 CAAUAAA CTOAUGAGGCCGAAAGGCCGAA AGCUGGU 

2185 CUCAAUA CUGAUGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACUCAAU CUGAUGAGGCCGAAAGGCCGAA AAUAGCU 

2187 CACUCAA CUGAUGAGGCCGAAAGGCCGAA AAAUAGC 
2189 GACACUC CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
2196 CAUAAAA CUGAUGAGGCCGAAAGGCCGAA ACACUCA 

2198 UACAUAA CUGAUGAGGCCGAAAGGCCGAA AGACACU 

2199 CUACAUA CUGAUGAGGCCGAAAGGCCGAA AAGACAC 

2200 CCUACAU CUGAUGAGGCCGAAAGGCCGAA AAAGACA 

2201 GCCUACA CUGAUGAGGCCGAAAGGCCGAA AAAAGAC 
2205 UUUAGCC CUGAUGAGGCCGAAAGGCCGAA ACAUAAA 
2210 GUUCAUU CUGAUGAGGCCGAAAGGCCGAA AGCCUAC 
2220 AGAGACC CUGAUGAGGCCGAAAGGCCGAA AUGUUCA 
2224 GGCCAGA CUGAUGAGGCCGAAAGGCCGAA ACCUAUG 
2226 GAGGCCA CUGAUGAGGCCGAAAGGCCGAA AGACCUA 
2233 GCUCCGU CUGAUGAGGCCGAAAGGCCGAA AGGCCAG 
2242 GGACUGG CUGAUGAGGCCGAAAGGCCGAA AGCUCCG 
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2248 UGACAUG OTGAUGAGGCCGAAAGGCCGAA ACUGGGA 

2254 UGAAUGU CUGATOAGGCCGAAAGGCCGAA ACAUGGA 

2259 GACCUOG CCGADGAGGCCGAAAGGCCGAA ADGUGAC 

2260 UGACCUU CUGAUGAGGCCGAAAGGCCGAA AADGUGA 
2266 ACCUGGU CUGAUGAGGCCGAAAGGCCGAA ACCUUGA 
2274 ACAACUG CUGAUGAGGCCGAAAGGCCGAA ACCUGGU 
2279 CCUGUAC CUGAUGAGGCCGAAAGGCCGAA ACUGUAC 
2282 CAACCUG CUGAUGAGGCCGAAAGGCCGAA ACAACUG 
2288 AGUGUAC CCGADGAGGCCGAAAGGCCGAA ACCUGUA 
2291 UGCAGUG CUGAUGAGGCCGAAAGGCCGAA ACAACCU 
2321 CCCAUUU CUGAUGAGGCCGAAAGGCCGAA AUCUUUU 

2338 CAAUGAG CUGAUGAGGCCGAAAGGCCGAA AGUCCCA 

2339 CCAAUGA CUGAUGAGGCCGAAAGGCCGAA AAGUCCC 
2341 GGCCAAU CUGAUGAGGCCGAAAGGCCGAA AGAAGUC 
2344 GUUGGCC CUGAUGAGGCCGAAAGGCCGAA AUGAGAA 

2358 CCGGGGA CUGAUGAGGCCGAAAGGCCGAA AGGCAGG 

2359 UCUGGGG CUGAUGAGGCCGAAAGGCCGAA AAGGCAG 

2360 UUCUGGG CUGAUGAGGCCGAAAGGCCGAA AAAGGCA 

2376 AUAGAAA CUGAUGAGGCCGAAAGGCCGAA AUCACUC 

2377 GAUAGAA CUGAUGAGGCCGAAAGGCCGAA AAUCACU 

2378 CGAUAGA CUGAUGAGGCCGAAAGGCCGAA AAAUCAC 

2379 CCGAUAG CUGAUGAGGCCGAAAGGCCGAA AAAAUCA 

2380 GCCGAUA CUGAUGAGGCCGAAAGGCCGAA AAAAAUC 
2382 GUGCCGA CUGAUGAGGCCGAAAGGCCGAA AGAAAAA 
2384 UUGUGCC CUGAUGAGGCCGAAAGGCCGAA AUAGAAA 
2399 GUCCAUA CUGAUGAGGCCGAAAGGCCGAA AGUGCUU 
2401 CAGUCCA CUGAUGAGGCCGAAAGGCCGAA AUAGUGC 
2411 GAACCAU CUGAUGAGGCCGAAAGGCCGAA ACCAGUC 

2417 ACCUGUG CUGAUGAGGCCGAAAGGCCGAA ACCAUUA 

2418 AACCUGU CUGAUGAGGCCGAAAGGCCGAA AACCAUU 

2425 AUCUCUG CUGAUGAGGCCGAAAGGCCGAA ACCUGUG 

2426 AAUCUCU CUGAUGAGGCCGAAAGGCCGAA AACCUGU 

2433 ACUGGGU CUGAUGAGGCCGAAAGGCCGAA AUCUCUG 

2434 CACUGGG CUGAUGAGGCCGAAAGGCCGAA AAUCUCU 

2448 GAGGAAU CUGAUGAGGCCGAAAGGCCGAA AGGCCUC 

2449 GGAGGAA CUGAUGAGGCCGAAAGGCCGAA AAGGCCU 

2451 AGGGAGG CUGAUGAGGCCGAAAGGCCGAA AUAAGGC 

2452 AAGGGAG CUGAUGAGGCCGAAAGGCCGAA AAUAAGG 
2455 GGGAAGG CUGAUGAGGCCGAAAGGCCGAA AGGAAUA 

2459 VGGGGGG CUGAUGAGGCCGAAAGGCCGAA AGGGAGG 

2460 UUGGGGG CUGAUGAGGCCGAAAGGCCGAA AAGGGAG 

2479 GCOAACA CUGAUGAGGCCGAAAGGCCGAA AGGUGUC 

2480 GGCUAAC CUGAUGAGGCCGAAAGGCCGAA AAGGUGU 

2483 GGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACAAAGG 

2484 AGGUGGC CUGAUGAGGCCGAAAGGCCGAA AACAAAG 
2492 GGGUGGG CUGAUGAGGCCGAAAGGCCGAA AGGUGGC 
2504 AGAAAUG CUGAUGAGGCCGAAAGGCCGAA AUGUGGG 

2508 UGGCAGA CUGAUGAGGCCGAAAGGCCGAA AUGUAUG 

2509 CUGGCAG CUGAUGAGGCCGAAAGGCCGAA AAUGUAU 
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2510 ACUGGCA CUGACGAGGCCGAAAGGCCGAA AAATCUA 

2520 CADDGUG OJGACGAGGCCGAAAGGCCGAA ACACUGG 

2521 UCADUGU CUGADGAGGCCGAAAGGCCGAA AACACUG 
2533 GACCGCO CUGACGAGGCCGAAAGGCCGAA AGUGUCA 
2540 CAGACAU CUGADGAGGCCGAAAGGCCGAA ACCGCUG 
2545 AUGUCCA COGACGAGGCCGAAAGGCCGAA ACADGAC 
2558 UUGGGCA CUGADGAGGCCGAAAGGCCGAA ADCCCCU 
2579 CAAGGCA CUGACGAGGCCGAAAGGCCGAA AGCUUGG 
2585 AGAGGAC OX^XJGAGGCCGAAAGGCCGAA AGGCAUA 
2588 ACAAGAG CUGACGAGGCCGAAAGGCCGAA ACAAGGC 
2591 AGGACAA CUGADGAGGCCGAAAGGCCGAA AGGACAA 
2593 ACAGGAC CUGACGAGGCCGAAAGGCCGAA AGAGGAC 
2596 CAAACAG CCGAD3AGGCCGAAAGGCCGAA ACAAGAG 

2601 AAAUGCA CUGADGAGGCCGAAAGGCCGAA ACAGGAC 

2602 GAAAUGC CUGADGAGGCCGAAAGGCCGAA AACAGGA 

2607 CCAGUGA CUGADGAGGCCGAAAGGCCGAA AUGCAAA 

2608 CCCAGUG CUGADGAGGCCGAAAGGCCGAA AADGCAA 

2609 UCCCAGD CXXSADGAGGCCGAAAGGCCGAA AAADGCA 
2620 AUAGUGC CUGADGAGGCCGAAAGGCCGAA AGCDCCC 
2626 GCDGCAA CUGADGAGGCCGAAAGGCCGAA AGUGCAA 
2628 GAGCUGC CUGADGAGGCCGAAAGGCCGAA AUAGUGC 
2635 GAAACUG CUGADGAGGCCGAAAGGCCGAA AGCUGCA 

2640 UGCAGGA CUGACGAGGCCGAAAGGCCGAA ACUGGAG 

2641 CUGCAGG CUGADGAGGCCGAAAGGCCGAA AACUGGA 

2642 ACOGCAG CUGADGAGGCCGAAAGGCCGAA AAACUGG 
2653 GGACCCU CUGADGAGGCCGAAAGGCCGAA ADCACOG 
2659 CUUGCAG CUGADGAGGCCGAAAGGCCGAA ACCCUGA 
2689 CCUCCAA CUGADGAGGCCGAAAGGCCGAA ACCUUGG 
2691 GUCCUCC CUGADGAGGCCGAAAGGCCGAA ADACCUU 
2700 UGGGAGG CUGADGAGGCCGAAAGGCCGAA AGDCCUC 
2704 AAGCUGG CUGADGAGGCCGAAAGGCCGAA AGGGAGU 

2711 CCUUCCA CUGADGAGGCCGAAAGGCCGAA AGCUGGG 

2712 CCCUUCC CUGADGAGGCCGAAAGGCCGAA AAGCUGG 
2721 CGCGGAD CUGADGAGGCCGAAAGGCCGAA ACCCUUC 
2724 ACACGCG CUGADGAGGCCGAAAGGCCGAA ADGACCC 
2744 CUACACA CUGADGAGGCCGAAAGGCCGAA ACACACA 
2750 GCUUGUC CUGADGAGGCCGAAAGGCCGAA ACACADA 
2759 AGAGCGA CUGADGAGGCCGAAAGGCCGAA AGCUUGU 
2761 ACAGAGC CUGADGAGGCCGAAAGGCCGAA AGAGCUtJ 
2765 GGUGACA CUGADGAGGCCGAAAGGCCGAA AGCGAGA 
2769 CCUGGGU CUGADGAGGCCGAAAGGCCGAA ACAGAGC 
2797 GAACCAU CUGATOAGGCCGAAAGGCCGAA ADUGCAC 

2803 UGCAGUG CUGADGAGGCCGAAAGGCCGAA ACCADGA 

2804 CUGCAGU CUGADGAGGCCGAAAGGCCGAA AACCADG 
2813 AGGUCAA CUGADGAGGCCGAAAGGCCGAA ACUGCAG 
2815 AAAGGUC CUGADGAGGCCGAAAGGCCGAA AGAGOGC 

2821 AGCCCAA CUGADGAGGCCGAAAGGCCGAA AGGUCAA 

2822 GAGCCCA CUGADGAGGCCGAAAGGCCGAA AAGGUCA 

2823 UGAGCCC CUGADGAGGCCGAAAGGCCGAA AAAGGUC 
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2829 ADCACDU CDGADGAGGCCGAAAGGCCGAA AGCCCAA 

2837 GDGGGAG CUGADGAGGCCGAAAGGCCGAA AUCACUU 

2840 GAGGUGG CUGADGAGGCCGAAAGGCCGAA AGGADCA 

2847 GGAGGCO CUGADGAGGCCGAAAGGCCGAA AGGOGGG 

2853 UACUCAG CDGADGAGGCCGAAAGGCCGAA AGGCCGA 

2860 UCCCAGC CUGADGAGGCCGAAAGGCCGAA ACDCAGG 

2872 GUGAGCC CDGADGAGGCCGAAAGGCCGAA ADGGUCC 

2877 GDGDDGD CUGADGAGGCCGAAAGGCCGAA AGCCUAD 

2899 AAAADCA CDGADGAGGCCGAAAGGCCGAA ADDUGCC 

2900 AAAAADC CDGADGAGGCCGAAAGGCCGAA AADDDGC 

2904 AAAAAAA CDGADGAGGCCGAAAGGCCGAA ADCAAAD 

2905 AAAAAAA CUGADGAGGCCGAAAGGCCGAA AADCAAA 

2906 AAAAAAA CUGADGAGGCCGAAAGGCCGAA AAADCAA 

2907 AAAAAAA CUGADGAGGCCGAAAGGCCGAA AAAADCA 

2908 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAADC 

2909 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAD 

2910 AAAAAAA OXSADGfcGGCaSU^A^ AAAAAAA 

2911 AAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2912 GAAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2913 DGAAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2914 CDGAAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2915 DCDGAAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2916 CDCDGAA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2917 DCDCDGA CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2918 GDCDCDG CDGADGAGGCCGAAAGGCCGAA AAAAAAA 

2919 CGDCDCD CUGADGAGGCCGAAAGGCCGAA AAAAAAA 
2931 GDDGCGA CDGADGAGGCCGAAAGGCCGAA ACCCCGU 
2933 ADGUDGC CDGADGAGGCCGAAAGGCCGAA AGACCCC 
2941 UCDGGGC CDGADGAGGCCGAAAGGCCGAA ADGUDGC 

2951 . ACAAAGG CDGADGAGGCCGAAAGGCCGAA AGDCDGG 

2952 CACAAAG CUGADGAGGCCGAAAGGCCGAA AAGDCDG 

2955 DAACACA CUGADGAGGCCGAAAGGCCGAA AGGAAGD 

2956 CDAACAC CDGADGAGGCCGAAAGGCCGAA AAGGAAG 

2961 ADUAACD CUGADGAGGCCGAAAGGCCGAA ACACAAA 

2962 DADDAAC CDGADGAGGCCGAAAGGCCGAA AACACAA 

2965 CDDUADD CDGADGAGGCCGAAAGGCCGAA ACDAACA 

2966 GCUUUAU CDGADGAGGCCGAAAGGCCGAA AACUAAC 
2969 AAAGCUU CUGADGAGGCCGAAAGGCCGAA ADUAACD 

2975 GDDGAGA CDGADGAGGCCGAAAGGCCGAA AGCUUDA 

2976 AGUUGAG CUGAUGAGGCCGAAAGGCCGAA AAGCUUU 

2977 CAGDDGA CUGADGAGGCCGAAAGGCCGAA AAAGCUU 
2979 GGCAGUU CDGADGAGGCCGAAAGGCCGAA AGAAAGC 
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Table 5 

Mouse ICAM HH Ribozyme Sequence 

nt. Position Ribozyme Sequence 



11 CAACGGO CDGADGAGGCCGAAAGGCCGAA ACCAGGG 

23 AGCAGAG CDGADGAGC<XGAAPjSGCCGAA ACCACDG 

26 AGGAGCA CDGADGAGGCCGAAAGGCCGAA AGAACCA 

Jl DGOGGAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

34 CGACCCO CDGADGAGGCCGAAAGGCCGAA ADGAGAA 

40 AGGCOAC OJGADGAGGCCGAAAGGCCGAA AGDGOGC 

48 CCAGGOJ CDGADGAGGCCGAAAGGCCGAA AGGDCCD 

54 CCADCAC CDGADGAGGCCGAAAGGCCGAA AGGCCCA 

58 GGAGCOA CDGADGAGGCCGAAAGGCCGAA AGGCADG 

64 CDGCDGG CDGADGAGGCCGAAAGGCCGAA AGGGGDG 

96 GGGCCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

102 CCAGCAG CDGADGAGGCCGAAAGGCCGAA ACDGGCA 

108 GGGCCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 

115 AGGAGCA CDGADGAGGCCGAAAGGCCGAA AGAACCA 

119 DCCDGGD CDGADGAGGCCGAAAGGCCGAA ACADDCC 

120 GGGCCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 
146 GGAAGCG CDGADGAGGCCGAAAGGCOGAA ACGACDG 
1-2 AGOGGCD CDGADGAGGCCGAAAGGCCGAA ACACAGA 
153 GGOOOOD CDGADGAGGCCGAAAGGCCGAA AACAGGA 
16o GCAAAAC CDGADGAGGCCGAAAGGCCGAA ACDDCDG 

CCGGCAG CDGADGAGGCCGAAAGGCOGAA AAGGCDD 
CDGCACG CDGADGAGGCCGAAAGGCCGAA ACCCACC 
GCCAGAG CDGADGAGGCCGAAAGGCCGAA AAGDGGC 
CCAAAAC CDGADGAGGCCGAAAGGCCGAA ACDDCDG 
CCAGCAA CDGADGAGGCCGAAAGGCCGAA ACAACOU 
AGOOCDC CDGADGAGGCCGAAAGGCCGAA AAGCACA 
TODAGGA CDGADGAGGCCGAAAGGCCGAA ADGGGDD 
DCDDCCD CDGADGAGGCCGAAAGGCCGAA AGGCAGG 
CAGOAGA CDGADGAGGCCGAAAGGCCGAA AAACCCD 
UAGGCAG CDGADGAGGCCGAAAGGCCGAA AGCCCCD 
CAGCDCA CDGADGAGGCCGAAAGGCCGAA ACAGCDD 
GGCOCAG CDGADGAGGCCGAAAGGCCGAA ADCDCCD 
CODCDCA CDGADGAGGCCGAAAGGCCGAA AGCACAG 
CAGUGDG CDGADGAGGCXGAAAGGCCGAA ADDGGAC 
DCAGCDC CDGADGAGGCCGAAAGGCCGAA AACAGCD 
AGCGGAC CDGADGAGGCCGAAAGGCCGAA ACDGCAC 
CGGGDDG CDGADGAGGCCGAAAGGCCGAA AGCCADD 
GCGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCDDC 
GGGGCAG CDGADGAGGCCGAAAGGCCGAA AAGGCDD 
ACACGGD CDGADGAGGCCGAAAGGCCGAA ADGGDAG 
AAACGAA CDGADGAGGCCGAAAGGCCGAA ACACGGD 
AGAOCGA CDGADGAGGCCGAAAGGCCGAA AGDCCGG 
CGGGGGG CDGADGAGGCCGAAAGGCCGAA AAGDGDG 
CDGCDGG CDGADGAGGCCGAAAGGCCGAA AGGGGDG 



168 
185 
209 
227 
230 
237 
248 
253 
263 
267 
293 
319 

335 

337 

338 

359 

367 

374 

375 

378 

386 

394 

420 

425 
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427 CACUGCU CDGAUGAGGCCGAAAGGCCGAA AGAGCUG 

450 GCAGGGU OJGAUGAGGCCGAAAGGCCGAA AGGUCCU 

451 CAAAGGA CUGAUGAGGCCGAAAGGCCGAA AGGUUUC 
455 AGUGGCU OJGAUGAGGCCGAAAGGCCGAA AGGGUAA 
495 ACACGGU CUGAUGAGGCCGAAAGGCCGAA AUGGUAG 
510 CCCCACG CUGAUGAGGCCGAAAGGCCGAA AGCAGCA 
564 GGAUGGA CUGAUGAGGCCGAAAGGCCGAA ACCOGAG 
592 CCCAUGU CUGAUGAGGCCGAAAGGCCGAA AUCUUUC 

607 CAUGAGA CUGAUGAGGCCGAAAGGCCGAA AUUGGCU 

608 GCADGAG CDGAUGAGGCCGAAAGGCCGAA AADUGGC 

609 GGCAUGA CDGAUGAGGCCGAAAGGCCGAA AAAUUGG 
611 GCGGCAU CUGAUGAGGCCGAAAGGCCGAA AGAAAUU 

656 CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 

657 UCAGCUC CUGAUGAGGCCGAAAGGCCGAA AACAGCU 
668 GGUGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCUCG 
677 AGGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 
684 AGGACCG CUGAUGAGGCCGAAAGGCCGAA AGCUGAA 

692 AAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 

693 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
696 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
709 UGAGGUG CUGAUGAGGCCGAAAGGCCGAA AGCCGCC 
720 AGCUGAA CUGAUGAGGCCGAAAGGCCGAA AGUUGUA 
723 CGGAGCU CUGAUGAGGCCGAAAGGCCGAA AAAAGUU 
73 5 UCUCCAG CUGAUGAGGCCGAAAGGCCGAA AUCUGGU 
738 CCAUCAC CUGAUGAGGCCGAAAGGCCGAA AGGCCCA 
765 GGAAGCG CUGAUGAGGCCGAAAGGCCGAA ACGACUG 

769 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

770 UUCCAGG CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 

7 85 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

786 AGGCAGG CUGAUGAGGCCGAAAGGCCGAA AACAGGC 
792 CUUCCGA CUGAUGAGGCCGAAAGGCCGAA ACCUCCA 
794 AGUCUCC CUGAUGAGGCCGAAAGGCCGAA AGCCCAG 
807 CCAGGUA CUGAUGAGGCCGAAAGGCCGAA AUCCGAG 
833 GGGUGUC CUGAUGAGGCCGAAAGGCCGAA AGCUUUG 
846 CAACGGU CUGAUGAGGCCGAAAGGCCGAA ACCAGGG 
851 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AGGUCUC 
8 63 CCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGUGGCU 

866 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 

867 UCUCCGG CUGAUGAGGCCGAAAGGCCGAA AACGAAU 
S69 CUUGCAU CUGAUGAGGCCGAAAGGCCGAA AGGAAGA 
88 1 ACGGGUU CUGAUGAGGCCGAAAGGCCGAA AAGCCAU 
88 5 UCACCUC CUGAUGAGGCCGAAAGGCCGAA ACCAAGG 
933 CCAGAAU CUGAUGAGGCCGAAAGGCCGAA AUUAUAG 
936 GCACCAG CUGAUGAGGCCGAAAGGCCGAA AUGAUUA 
978 AGUUGUA CUGAUGAGGCCGAAAGGCCGAA ACUGUUA 
980 • AAAGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGU 

986 AGCUGAA CUGAUGAGGCCGAAAGGCCGAA AGUUGUA 

987 GAGCUGA CUGAUGAGGCCGAAAGGCCGAA AAGUUGU 

988 GGAGCUG CUGAUGAGGCCGAAAGGCCGAA AAAGUUG 
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1005 UCUCCAG CUGADGAGGCCGAAAGGCCGAA AUCUGGU 

1006 UUCCCCA CUGAUGAGGCCGAAAGGCCGAA ACUCUCA 
1023 CUUCCGA CUGAUGAGGCCGAAAGGCCGAA ACCDCCA 
1025 CCCUUCC CDGAUGAGGCCGAAAGGCCGAA AGACCUC 
1066 UUAUUUU CDGAUGAGGCCGAAAGGCCGAA AGAGOGG 

1092 GGCCOGA CUGAUGAGGCCGAAAGGCCGAA ADCCAGU 

1093 UUGGCUG CDGAUGAGGCCGAAAGGCCGAA AGGUCCA 
1125 UCAAGAA CUGADGAGGCCGAAAGGCCGAA AGUOGGG 

1163 GCAAAAG CUGAUGAGGCCGAAAGGCCGAA AGCUUCG 

1164 AGCAAAA CUGAUGAGGCCGAAAGGCCGAA AAGCUUC 
1166 AGAGCAA CUGAUGAGGCCGAAAGGCCGAA AGAAGCU 
U72 GGUUUUU CUGAUGAGGCCGAAAGGCCGAA AACAGGA 

1200 UGUGGAG CUGADGAGGCCGAAAGGCCGAA AGCAGAG 

1201 CUGUUCA CUGAUGAGGCCGAAAGGCCGAA. AAGCAGC 
1203 ACUGGUG CUGADGAGGCCGAAAGGCCGAA AAAAAGU 

1227 GCACACG CUGADGAGGCCGAAAGGCCGAA ADGUACC 

1228 AGCAAAA CUGAUGAGGCCGAAAGGCCGAA AAGCUUC 
1233 CUCUCCG CUGADGAGGCCGAAAGGCCGAA AAACGAA 
1238 AGGACCA CUGADGAGGCCGAAAGGCCGAA ACAGCAC 
1264 CUUGCAC OX3AUGAGGCCGAAAGGCCGAA ACCCUUC 
1267 UUCCCCA CUGAUGAGGCCGAAAGGCCGAA ACUCUCA 

1294 GGCUCAG CUGADGAGGCCGAAAGGCCGAA AUCUCCU 

1295 CUGCUGA CUGADGAGGCCGAAAGGCCGAA ACCCCUC 
1306 CADUUCA CUGAUGAGGCCGAAAGGCCGAA AGUCUGC 
1321 UCCUCCU CUGAUGAGGCCGAAAGGCCGAA AGCCUUC 
1334 UUUAGGA CUGAUGAGGCCGAAAGGCCGAA AUGGGUU 

. 1344 CACUCUC CUGADGAGGCCGAAAGGCCGAA AGCUCAU 

1351 UAACUUA CUGAUGAGGCCGAAAGGCCGAA ACADUCA 

1353 CACCUUC CUGAUGAGGCCGAAAGGCCGAA ACCCACU 

1366 AGUUGUA CUGAUGAGGCCGAAAGGCCGAA ACUGUUA 

1367 AGGUGGG CUGAUGAGGCCGAAAGGCCGAA AGGUGCU 

1368 AGAGUGG CDGAUGAGGCCGAAAGGCCGAA ACAGUAC 
1380 CCACCCC CUGADGAGGCCGAAAGGCCGAA AUGGGCA 
1388 AGCCACU CUGADGAGGCCGAAAGGCCGAA AGUCUCC 
1398 GUUCUGU CUGAUGAGGCCGAAAGGCCGAA ACAGCCA 
1402 AGUUCUC CUGAUGAGGCCGAAAGGCCGAA AAGCACA 
1408 CCUCCCC CUGAUGAGGCCGAAAGGCCGAA AUCUCGC 
1410 CCCUUCC CUGAUGAGGCCGAAAGGCCGAA AGACCUC 
1421 ACAAAAG CUGADGAGGCCGAAAGGCCGAA AGGUGGG 
14 25 CUCUACC CUGAUGAGGCCGAAAGGCCGAA AGGCAGU 
1429 CAGGGGC CUGADGAGGCCGAAAGGCCGAA AUAGAGA 
1444 UCCUCCU CUGADGAGGCCGAAAGGCCGAA AGCCUUC 
1455 UCCUGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUCC 
1482 GGGAGCA CUGAUGAGGCCGAAAGGCCGAA AACAACU 
1484 CAUGAGG CUGAUGAGGCCGAAAGGCCGAA AGAACAG 
1493 GUUCUCA CUGAUGAGGCCGAAAGGCCGAA AGCACAG 
1500 GGACCAU CUGADGAGGCCGAAAGGCCGAA AUUUCAU 
1503 GAAUGAU CUGAUGAGGCCGAAAGGCCGAA AUAGUCC 
1506 CGGUUAU CUGAUGAGGCCGAAAGGCCGAA AACAUAA 
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1509 ACACGGU CUGAUGAGqCCGAAAGGCCGAA AUGGUAG 

1518 CGCCDGG OJGAOGAGGCCGAAAGGCCGAA ACCADGA 

1530 CCAGAAU CUGADGAGGCCGAAAGGCCGAA AUUAUAG 

1533 GGCCCAC OJGADGAGGCCGAAAGGCCGAA AUGACCA 

1551 AGCUGCU CUGADGAGGCCGAAAGGCCGAA AGGCADG 

1559 AGGDGGG CUGADGAGGCCGAAAGGCCGAA AGGOGOJ 

1563 GGUUAUA CUGAUGAGGCCGAAAGGCCGAA ACADAAG 

1565 GCGGUUA CUGADGAGGCCGAAAGGCCGAA AAACADA 

1567 UGGCGGU COGAUGAGGCCGAAAGGCCGAA AUAAACA 

1584 ADAUCCU CUGADGAGGCCGAAAGGCCGAA AUCUUUC 

1592 UAACUUG COGAUGAGGCCGAAAGGCCGAA AUAUCCU 

1599 CCUUCUG CUGADGAGGCCGAAAGGCCGAA AACUUGU 

1651 GCUCAGG CUGADGAGGCCGAAAGGCCGAA AGGUGGG 

1661 CAAAGGA CUGADGAGGCCGAAAGGCCGAA AGGUUUC 

1663 UUCAAAG CUGADGAGGCCGAAAGGCCGAA AAAGGUU 

1678 CCAGGCU CUGADGAGGCCGAAAGGCCGAA AGGUCCU 

1680 CCAGAGG CUGADGAGGCCGAAAGGCCGAA AGUGGCU 

1681 GCCAGAG CUGADGAGGCCGAAAGGCCGAA AAGUGGC 
1684 ACAGCCA CUGADGAGGCCGAAAGGCCGAA AGGAAGU 

1690 AGADCGA CUGADGAGGCCGAAAGGCCGAA AGUCCGG 

1691 AAGADCG CUGADGAGGCCGAAAGGCCGAA AAGUCCG 
1696 CCACCCC CUGADGAGGCCGAAAGGCCGAA ADGGGCA 
1698 CUCCAGG CUGADGAGGCCGAAAGGCCGAA AUADCCG 
1737 GCUGGUA CUGADGAGGCCGAAAGGCCGAA AGGUCUC 
1750 UGAGGUG CUGADGAGGCCGAAAGGCCGAA AGCCGCC 
1756 GGGCAGG CUGADGAGGCCGAAAGGCCGAA AGGCUUC 
1787 UGGGGAC CUGADGAGGCCGAAAGGCCGAA AUGUCUC 
1790 ADUAGAG CUGADGAGGCCGAAAGGCCGAA ACAAUGC 
1793 UCCAGCC CUGADGAGGCCGAAAGGCCGAA AGGACCA 
1797 UUUADGU CUGADGAGGCCGAAAGGCCGAA ACUGGUG 
1802 UCUCCAG COGAUGAGGCCGAAAGGCCGAA AUCUGGU 

1812 GGCCUGA CUGAUGAGGCCGAAAGGCCGAA AUCCAGU 

1813 UGAGGGU CUGAUGAGGCCGAAAGGCCGAA AAUGCUG 
1825 GCAGAGG CUGADGAGGCCGAAAGGCCGAA AGCGUGG 
1837 GGAGCQA CUGAUGAGGCCGAAAGGCCGAA AGGCAUG 
1845 GGUGGCC CUGADGAGGCCGAAAGGCCGAA AGGCDCG 
1856 AAGADCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 
1861 UACUGGA CUGADGAGGCCGAAAGGCCGAA ADCADGU 
1865 CUGAGGC CUGADGAGGCCGAAAGGCCGAA ACAAGUG 
1868 UUUADGU CUGADGAGGCCGAAAGGCCGAA ACOGGUG 
1877 AGCUGCU COGAUGAGGCCGAAAGGCCGAA AGGCADG 
1901 GUCCCUU CUGADGAGGCCGAAAGGCCGAA AGUUUUA 
1912 ACUGAUC CUGAUGAGGCCGAAAGGCCGAA ACUAUAD 

1922 UAACUUA CUGAUGAGGCCGAAAGGCCGAA ACAUUCA 

1923 GAUACCU CUGADGAGGCCGAAAGGCCGAA AGCADCA 
1928 CUGGUAA CUGADGAGGCCGAAAGGCCGAA ACOCUAA 
1930 AGCUGGU CUGAUGAGGCCGAAAGGCCGAA AAACUCU 
1964 UGGGGAC CUGAUGAGGCCGAAAGGCCGAA AUGUCUC 
1983 UAACUUG CUGAUGAGGCCGAAAGGCCGAA^ AUAUCCU 
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1996 GGCUCAG CUGAUGAGGCCGAAAGGCCGAA AUCUCCU 

2005 GGUCCGC CUGAUGAGGCCGAAAGGCCGAA AGCUCCA 

2013 UACUCAA COGAUGAGGCCGAAAGGCCGAA AAAUAGC 

2015 CCACCCC CUGAOGAGGCCGAAAGGCCGAA AUGGGCA 

2020 CUCAGAA aJGAUGAGGCCGAAAGGCCGAA AACCACC 

2039 CCUCUGC CUGAUGAGGCCGAAAGGCCGAA AGCCAGC 

2040 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 
2057 GGADGUG OX^UGAGGCCGAAAGC-CCGAA AGGAGCA 
2061 ACACGGU OT3AUGAGCGCGAAAGGCCGAA AUGGGAG 
2071 CUGAGGC CUGAUGAGGCCGAAAGGCCGAA ACAAGUG 
2076 OAGCUCU CUGAUGAGGCCGAAAGGCCGAA AGGCUAC 

2097 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUDG 

2098 CGGGGGG CUGAUGAGGCCGAAAGGCCGAA AAGUGUG 
2115 AUCCUCC CUGAUGAGGCCGAAAGGCCGAA AGCUGGC 
2128 CUCAAUA CUGADGAGGCCGAAAGGCCGAA AUAGCUG 
2130 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
2145 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUUG 
2152 AACUCUA CUGAUGAGGCCGAAAGGCCGAA AUUAAUA 
2156 UAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACAUCAA 

2158 AUUAAUA CUGAUGAGGCCGAAAGGCCGAA ADACADC 

2159 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2160 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2162 CUAAAUU CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

2163 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2166 AAUAGAG CUGAUGAGGCCGAAAGGCCGAA AUGAAGU 

2167 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2170 CUAAAUU CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 

2171 GGGAGCA CUGAUGAGGCCGAAAGGCCGAA AACAACU 

2173 CUGGUAA CUGAUGAGGCCGAAAGGCCGAA ACUCUAA 

2174 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2175 AGCUGGU CUGAUGAGGCCGAAAGGCCGAA AAACUCU 

2176 UAGCUGG CUGAUGAGGCCGAAAGGCCGAA AAAACUC 
2183 CAAUAAA CUGAUGAGGCCGAAAGGCCGAA AGCUGGU 

2185 CUCAAUA CUGAUGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACUCAAU CUGAUGAGGCCGAAAGGCCGAA AAUAGCU 

2187 UACUCAA CUGAUGAGGCCGAAAGGCCGAA AAAUAGC 
2189 GGUACUC CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
2196 CAUCAAG CUGAUGAGGCCGAAAGGCCGAA AGAGUUG 

2198 AACAUAA CUGAUGAGGCCGAAAGGCCGAA AGGCUGC 

2199 AUAAACA CUGAUGAGGCCGAAAGGCCGAA AAGAGGC 

2200 CUUGCAU CUGAUGAGGCCGAAAGGCCGAA AGGAAGA 

2201 GCCGACA CUGAUGAGGCCGAAAGGCCGAA AAAACUU 
2205 UCAGGCC CUGAUGAGGCCGAAAGGCCGAA ACAUAAA 
2210 AGCCACU CUGAUGAGGCCGAAAGGCCGAA AGUCUCC 
2220 AGAGAAC CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
2224 GGADGGA CUGAUGAGGCCGAAAGGCCGAA ACCUGAG 
2226 GCGGCCU CUGAUGAGGCCGAAAGGCCGAA AGAUCCA 
2233 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 
2242 GGUCCGC CUGAUGAGGCCGAAAGGCCG.- - ^GCUCCT 
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2248 UGGGAUG OTGAUGAGGCCGAAAGGCCGAA AUGGAUA 

2254 UCAGUGU OXSAUGAGGCCGAAAGGCCGAA AAUUGGA 

2259 CACCGUG CUGADGAGGCCGAAAGGCCGAA AUGUGAU 

2260 GCACCGU CUGAUGAGGCCGAAAGGCCGAA AAUGUGA 
2266 UCCUGGU CUGADGAGGCCGAAAGGCCGAA ACAUUCC 
2274 UCUCCAG CUGAUGAGGCCGAAAGGCCGAA AUCUGGU 
2279 CUUGCAC CUGADGAGGCCGAAAGGCCGAA ACCCUUC 
2282 CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
2288 AGGCCAU CUGADGAGGCCGAAAGGCCGAA ACUUAUA 
2291 AGCAGAG CUGADGAGGCCGAAAGGCCGAA ACCACUG 
2321 CCCADGU CUGADGAGGCCGAAAGGCCGAA AUCUUUC 

2338 CAGGCAG CUGAUGAGGCCGAAAGGCCGAA AGUCUCA 

2339 CAAAGGA CUGAUGAGGCCGAAAGGCCGAA AGGUUUC 
2341 AGGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 
2344 GCUGGAA CUGAXJGAGGCCGAAAGGCCGAA AUCGAAA 

2358 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2359 UCUGUUC CUGAUGAGGCCGAAAGGCCGAA AAAGCAG 

2360 DUCAAAG CUGADGAGGCCGAAAGGCCGAA AAAGGUU 

2376 UCAGAAG CUGADGAGGCCGAAAGGCCGAA ACCACCU 

2377 CDCAGAA CUGADGAGGCCGAAAGGCCGAA AACCACC 

2378 CAGUAGA CUGAUGAGGCCGAAAGGCCGAA AAACCCU 

2379 CUUAUGA CUGADGAGGCCGAAAGGCCGAA AAAAGCA 

2380 GCCGACA CUGAUGAGGCCGAAAGGCCGAA AAAACUU 
2382 GGGGCAA CUGADGAGGCCGAAAGGCCGAA AGAGAAU 
2384 UUGUGUC CUGAUGAGGCCGAAAGGCCGAA ACDGGAU 
2399 GUCCACA CUGAUGAGGCCGAAAGGCCGAA AGUGUUU 
2401 CAGCUCA CUGAUGAGGCCGAAAGGCCGAA ACAGCUU 
2411 GCAUCCU CUGAUGAGGCCGAAAGGCCGAA ACCAGUA 

2417 ACGUAUG CUGAUGAGGCCGAAAGGCCGAA ACCAUUC 

2418 GGCCOGA CUGADGAGGCCGAAAGGCCGAA AUCCAGU 

2425 AACCCUC CUGAUGAGGCCGAAAGGCCGAA ACCCAUG 

2426 AAACUCU CUGAUGAGGCCGAAAGGCCGAA AAUUAAU 

2433 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2434 AGCUGGU CUGADGAGGCCGAAAGGCCGAA AAACUCU 

2448 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 

2449 GGGGCAG CUGAUGAGGCCGAAAGGCCGAA AAGGCUU 

2451 AGGCAGG CUGADGAGGCCGAAAGGCCGAA AACAGGC 

2452 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
2455 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 

2459 GGGGGGG CUGADGAGGCCGAAAGGCCGAA AGdGOGG 

2460 CGGGGGG CUGAUGAGGCCGAAAGGCCGAA AAGUGUG 

2479 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AGGUCUC 

2480 GGAUCAC CUGAUGAGGCCGAAAGGCCGAA ACGGUGA 

2483 GGUGGCU CUGADGAGGCCGAAAGGCCGAA ACAUD5G 

2484 GACUGGU CUGADGAGGCCGAAAGGCCGAA AAAAAAG 
2492 AGGUGGG CUGAUGAGGCCGAAAGGCCGAA AGGUGCU 
2504 ACAAAAG CUGAUGAGGCCGAAAGGCCGAA AGGUGGG 

2508 UGGGAUG CUGAUGAGGCCGAAAGGCCGAA AUGGAUA 

2509 CUGGUAA CUGAUGAGGCCGAAAGGCCGAA ACUCUAA 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 PCT/IB95/00156 

196 



2510 GCUGGUA CDGAUGAGGCCGAAAGGCCGAA AACUCUA 

2520 CAUUGGG CUGAUGAGGCCGAAAGGCCGAA ACAAAAG 

2521 UGAGGGU CUGAUGAGGCCGAAAGGCCGAA AADGCUG 
2533 GAUACCU OJGAUGAGGCCGAAAGGCCGAA AGCADCA 
2540 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACUGCUG 
2545 AGGACCA CUGAUGAGGCCGAAAGGCCGAA ACAGCAC 
2568 UUUGACA CDGAUGAGGCCGAAAGGCCGAA. ACUUCAC 
2579 CAGGCCA CUGAUGAGGCCGAAAGGCCGAA AACUUAU 
2585 AGAGAAC CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
2588 ADUAGAG CDGAUGAGGCCGAAAGGCCGAA ACAAUGC 
2591 AGGAGCA CUGAUGAGGCCGAAAGGCCGAA AGAACCA 
2593 GCAGAGC CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 
2596 CAUUGGG CUGAUGAGGCCGAAAGGCCGAA ACAAAAG 

2601 AAACGAA CUGAUGAGGCCGAAAGGCCGAA ACACGGU 

2602 GGGAUGG CUGAUGAGGCCGAAAGGCCGAA AGCUGGA 

2607 CCAGGUA CUGAUGAGGCCGAAAGGCCGAA AUCCGAG 

2608 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACUGCUG 

2609 UCCUGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUCC 
2620 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
2626 GCGGGAA CUGAUGAGGCCGAAAGGCCGAA AUCGAAA 
2628 AGGCUAC CUGAUGAGGCCGAAAGGCCGAA AGUGUGC 
2635 AGGACCG CUGAUGAGGCCGAAAGGCCGAA AGCUGAA 

2640 GGCAGGA CUGAUGAGGCCGAAAGGCCGAA ACAGGCC 

2641 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2642 GAGGCAG CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
2653 GCAUCCU CUGAUGAGGCCGAAAGGCCGAA ACCAGUA 
2659 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
2689 CCUCGGA CUGAUGAGGCCGAAAGGCCGAA ACAUUAG 
2691 GGCCUCG CUGAUGAGGCCGAAAGGCCGAA AGACAUU 
2700 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCUUC 
2704 AGGCUGG CUGAUGAGGCCGAAAGGCCGAA AGAGGUC 

2711 CUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGCUGGG 

2712 CCCUUCC CUGAUGAGGCCGAAAGGCCGAA AGACCUC 
2721 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
2724 GCACACG CUGAUGAGGCCGAAAGGCCGAA AUGUACC 
2744 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2750 GGUACUC CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
2759 AGAUCGA CUGAUGAGGCCGAAAGGCCGAA AGUCCGG 
2761 GCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGGUCCU 
2765 AGCGGCA CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 
2769 CCUGUUU CUGAUGAGGCCGAAAGGCCGAA ACAGACU 
2797 GGACCAU CUGAUGAGGCCGAAAGGCOGAA AUUUCAU 

2803 CGCCUGG CUGAUGAGGCCGAAAGGCCGAA ACCAUGA 

2804 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2813 GGGUCAG CUGAUGAGGCCGAAAGGCCGAA ACCGGAG 
2815 AAAGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
2821 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA AGGUCAG 

2322 AAGUCCG CUGAUGAGGCCGAAAGGCCGAA AGGCUCC 

2323 UGGGAGC CUGAUGAGGCCGAAAGGCCGAA AAAGGCA 
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2829 AUGAUUA CUGAUGAGGCCGAAAGGCCGAA AGUCCAG 

2837 UCAGAAG CUGADGAGGCCGAAAGGCCGAA ACCACCU 

2840 CAGGCAG CUGADGAGGCCGAAAGGCCGAA AGUCUCA 

2847 GGUGGCU CUGAUGAGGCCGAAAGGCCGAA ACAUUGG 

2853 AACAUAA CUGADGAGGCCGAAAGGCCGAA AGGCUGC 

2860 UCACAGU CUGAUGAGGCCGAAAGGCCGAA ACUUGGC 

2872 CUUGGCU CUGAUGAGGCCGAAAGGCCGAA AAGGUCC 

2877 GUGAUGG CUGAUGAGGCCGAAAGGCCGAA AGCGGAA 

2899 AAGAUCG CUGAUGAGGCCGAAAGGCCGAA AAGUCCG 

2900 AAAACUC CUGAUGAGGCCGAAAGGCCGAA AAADUAA 

2904 AAUAGAG CUGAUGAGGCCGAAAGGCCGAA AUGAAGU 

2905 CAAUAGA CUGAUGAGGCCGAAAGGCCGAA AAUGAAG 

2906 UAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACAUCAA 

2907 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2908 AGCAAAA CUGAUGAGGCCGAAAGGCCGAA AAGCUUC 

2909 AGAGCAA CUGAUGAGGCCGAAAGGCCGAA AGAAGCU 

2910 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2911 AAAUUAA CUGAUGAGGCCGAAAGGCCGAA AAAUACA 

2912 GACAUUA CUGAUGAGGCCGAAAGGCCGAA AGAACAA 

2913 UGACCAG CUGAUGAGGCCGAAAGGCCGAA AGAGAAA 

2914 CUUAUGA CUGAUGAGGCCGAAAGGCCGAA AAAAGCA 

2915 UCUAAAU CUGAUGAGGCCGAAAGGCCGAA AADAAAU 

2916 CUCCGGA CUGAUGAGGCCGAAAGGCCGAA ACGAAUA 

2917 UCUCCGG CUGAUGAGGCCGAAAGGCCGAA AACGAAU 

2918 CUCUCCG CUGAUGAGGCCGAAAGGCCGAA AAACGAA 

2919 CGACCCU CUGAUGAGGCCGAAAGGCCGAA AUGAGAA 
2931 CUUCCGA CUGADGAGGCCGAAAGGCCGAA ACCUCCA 
2933 CCCUUCC CUGADGAGGCCGAAAGGCCGAA AGACCUC 
2941 UGGGGAC CUGAUGAGGCCGAAAGGCCGAA ADGUCUC 

2951 GCAGAGG CUGAUGAGGCCGAAAGGCCGAA AGCGUGG 

2952 CACAGCG CUGAUGAGGCCGAAAGGCCGAA ACUGCUG 

2955 UGACACA CUGAUGAGGCCGAAAGGCCGAA AGUCACU 

2956 UUGAUUC CUGAUGAGGCCGAAAGGCCGAA AAGGAAA 

2961 AGUGGCU CUGADGAGGCCGAAAGGCCGAA ACACAGA 

2962 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AADACAU 

2965 CUUUAUU CUGADGAGGCCGAAAGGCCGAA AUUCAAA 

2966 CCUCUGC CUGAUGAGGCCGAAAGGCCGAA AGCCAGC 
2969 AAAACUU CUGAUGAGGCCGAAAGGCCGAA AUUGAUU 

2975 GCUGGUA CUGAUGAGGCCGAAAGGCCGAA AACUCUA 

2976 AGUAGAG CUGADGAGGCCGAAAGGCCGAA AACCCUC 
- 2977 CAGCUCA CUGADGAGGCCGAAAGGCCGAA ACAGCUU 

2979 GGCAAUA CUGAUGAGGCCGAAAGGCCGAA AGAAUGA 
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Table 9: Rat ICAM HH Ribozyme Target Sequence 



nt . 


HH Target sequence 


at . 


Position 


Position 


1 1 


voAUCv—AAU U CACACUGA 


394 




o^UVartiUUU C V.UUWUCUA 


420 


26 


VaAitt^JtjCU C UULCUCUU 


425 


31 


VwL. UCLKjOJ v» CUoGUCCU 


427 




CDGAAGCU C AGADAUAC 


450 


dO 
*v 


CUCAAGGU A CAAGCCCC 


451 


*0 


GAGAACCU C GGCCUGGG 


456 


r>1 


CCCCGCCU C CCUGAGCC 


495 


Cfl 
30 


CCGUGCCU U UAGCDCCC 


510 


04 


CAAUGGCU u caacccgu 


564 




GJUullticu C CUGGUCCU 


592 


.LUz 


CUCCUGGU C CUGGUCGC 


607 


i no 
i-Uo 


GGACUGCU U GGGGAACU 


608 


lie 


T f * jar w ■ g-* - a - _ — 

UCCUACCU U UGUUCCCA 


609 


119 


GACACUGU C CCCAACDC ■ 


611 


120 


GUUGUGAU C CCCGGGCC 


656 


1 A C 

146 


CCAGACCa U GGAACOCC 


657 




ACCCGGCU C CACCUCAA 


668 


1 CO 


AUUUCUUU C ACGAGUCA 


677 


loo 


UGAACAGU A CUUCCCCC 


684 


1 CO 

loo 


GAAGCCUU C COGCCDCG 


692 


JLOO 


GGGUGGAU C CGUGCAGG 


693 




^**k j— i rir- ■ n a. ^ - 

CAGCCCCU A ADCUGACC 


696 


9*? "7 


GACCAAGU A ACUGUGAA 


709 




CAAGCtkiU U GUGGGAGG 


720 


^ J / 


CUGAAGCU C GACACCCC 


723 


248 


A uvJUUAGGA 


735 


253 


CACOGCCD C AGUGGAGG 


738. 


263 


GAGCCAAU U UCUCADGC 


765 


267 


GAAGCCUU C CUGCCUCG 


769 


293 


GAAGCUCU U CAAGCUGA 


770 


319 


CGGAGGAU C ACAAACGA 


785 


335 


ACUGUGCU U UGAGAACU 


786 


337 


UGUGCOAU A UGGUCCUC 


792 


338 


AAGCUCUU C AAGCUGAG 


794 


359 


CACGCAGU C CUCGGCUU 


807 


367 


CAADGGCU U CAACCCGU 


833 


374 


UUACCCCU C ACCCACCU 


846 


375 


AGAAGCCU U CCUGCCUC 


851 


378 


ACCCACCU C ACAGGGUA 


863 


386 


CGCUGUGU U UUGGAGCU 


866 



HH Target Sequence 



GUGGUGCU 
GCACCCCU 
CCUCGGCU 
UCCCUGUU 
AAGAACCU 
GGGUACUU 
CUCGGCUU 
GCCACCAU 
GUGCUGCU 
GAAAADGU U 
GGGAGUAU C 
GAGCCAAU U 
AGCCAADU U 
GCCAAUUU C 
CAADUUCU C 
GUCACUGU U 
UCACUGUU C 
GAACUGCU C 
GCACCCCU C 
AGGCAGCU C 
CCAGACCU U 
CGGACUUU C 
GCCUGUUU C 
CAGCAUUU A 
CUACAACU U 
CAACUUUU C 
CUCCUGGU C 
UCCUGCCU C 
ACUGUGCU U 
UCUUGUGU U 
CUUGUGUU C 
AGGCCUGU U 
GGCCUGUU U 
CUCCUGGU C 
UCCUGCCU C 
GCUCAGAU A 
CCUGGGGU U 
CUGACAGU U 
GCUCACCU U 
CAAUGGCU U 
CCAUGCUU C 



CUGAACAG 
CCAGCGCA 
CCGCCACC 
AAAAACCA 
AUCCUGCG 
CCCCAGGC 
UGCCACCA 
ACUGUGUA 
CGCGGGAA 
CCAACCAC 
ACCAGGGA 
UCUCADGC 
CCCABGCU 
UCAUGCUU 
ADGCUUCA 
CAAGAAUG 
AAGAACGU 
UUCCUCUU 
CCAGCGCA 
CGGACUUU 
GGAACUCC 
GADCUUCC 
CCGCCUCU 
CCCCUCAC 
UUCAGCUC 
AGCUCCCA 
CUGGUCGC 
GGGGUQGA 
UGAGAACU 
CCCUGGAA 
CCUGGAAG 
UCCUGCCU 
CCUGCCUC 
CUGGUCGC 
UGAAGCUC 
UACCUGGA 
GGAGACUA 
AUUUAUUG 
UAGCAGCU 
CAACCCGU 
CUCUGACA 
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867 
869 
881 
885 
933 
936 
978 
980 
986 
987 
988 
1005 
1006 
1023 
1025 
1066 
1092 
1093 
1125 
1163 
1164 
1166 
1172 
1200 
1201 
1203 
1227 
1228 
1233 
1238 
1264 
1267 
1294 
1295 
1306 
1321 
1334 
1344 
1351 
1353 
1366 
1367 
1368 
1380 
1388 
1398 
1402 
1408 
1410 



GACCACCU 
CUCUUCCU 
AAUGGCUU 
GACCAAGU 
UGUGUAUU 
GCAGAGA0 
UUGAGAAU 
GAGAADCU 



CCCACCUA 
UUGCGAAG 
AACCCGU G 
ACUGUGAA 
GUUCCCAG 
UUGUGUCA 
UACAACUU 



A CAACUUUU 
CUACAACU U UUCAGCUC 
UACAACUU U UCAGCUCC 
U CAGCUCCC 
C GUGGCGUC 



ACAACUUU 
UUCGUGAU 
GUGGGAGU A UCACCAGG 
CCGGAGGU C UCAGAAGG 
GGAGGUCU C AGAAGGGG 
GCUACCUU U GOUCOCAA 
AGAGGGGU C DCAGCAGA 
AGGGGAAU C CAGCCCCa 
CCCCAACU C UUGUUGAU 
ACGACGOJ U C UUUU GCa 
OGACGCUU C DDUDGCUC 
ACGCUUOJ U UUGCUCUG 
CUUUUGCU C UGCGGCCU 
ADCCAADU C ACACUGAA 
UUGGGCUU C UCCACAGG 
GGGCUUCU C CACAGGUC 
OTGGAACU C CADGUGCU 
GCGGGCUU C GUGADCGU 
CUCCUGGU C CUGGUCGC 
UGUGCUAU A UGGUCCUC 
GGAAAGA0 C AEACGGGU 
GUCACUGU U CAAGAADG 
CAGAGAUU U UGUGUCAG 
AGAGGGGU C UCAGCAGA 
AGCAGACU C UUACAUGC 
AACAGAGU C UGGGGAAA 
GUADDOGU U CCCAGAGC 
UCGGUGCU C AGGUADCC 
UCAGGCCU A AGAGGACU 
UAGCAGCU C AACAADGG 
AGGGUACU U CCCCCAGG 
GGGUACUU C CCCCAGGC 
GAD3GUGU C COGCDGCC 
CUGCCUAU C GGGAUGGU 
TOGAGACa A ACUGGAUG 
CUGGCUGU C ACAGGACA 
CUGUGCUU U GAGAACOG 
UUCGUGAU C GUGGCGUC 
CGAACUAU C GAGUGGAC 



1421 
1425 
1429 
1444 
1455 
1482 
1484 
1493 
1500 
. 1503 
1506 
1509 
1518 
1530 
1533 
1551 
1559 
1563 
1565 
1567 
1584 
1592 
1599 
1651 
1661 
1663 
1678 
1680 
1681 
1684 
1690 
1691 
1696 
1698 
1737 
1750 
1756 
1787 
1790 
1793 
1797 
1802 
1812 
1813 
1825 
1837 
1845 
1856 
1861 



C 
U 

a 
u 
u 



GGGUACUU C 
ACCCACOJ C 
AUACUUGU A 
AGAAGGCU C 
GGGAGUAU 
AGGGUACU 
ACDGCUCU 
CCUGGGGU 
CGUGAAAU 
GAAAADGU U 
TOGGUCAU A 
GCCACCA0 
GUCCUGGU 
ACCUGGGU 
CUGADCAU 
GUGGCCCU 
UGGGAAGU C 

uccuaccu u 

UOACACCU a 
ACACCUAU D 
AGGAAGAU C 
CAGGADAU A 
OACAAGOU A 

crccGccu c 
cugcacuu u 

GAACAGAU C 
GAGAACOJ C 
GGGCUUCU C 
GGCCUGUU a 
CUGCUCGU A 
CCCCACCU A 
CCGGACUU U 
CUCCUGGU C 
UCAGAUAU A 
GAUCACAU U 
GUCCAUUU A 
CCUCUGCU C 
GAGAACCU C 
GACACUGU C 
ADGGUCCU C 
UCCCUGUU U 
GCUCAGAU A 
AACAGAGU C 
GCGGGCUU C 
GCCACCAU C 
ACCCACCU C 
AGAGGACU C 
CCCCUAAU C 
CAUGUGCU A 



CCCCAGGC 
CUCUGGCU 
GCCUCAGG 
AGGAGGAG 
ACCAGGGA 
CCCCCAGG 
CCUCUUGC 
GGAGACUA 
AUGGUCAA 
CCAACCAC 
AUUGUDGG 
ACUGUGUA 
GCCGUOGU 
ADAAUUGU 
GCGG G CUU 
OGCUCGUA 
CCUGUUUA 
DGUUCCCA 
UUACCGCC 
ACCGCCAG 
AGGAUAUA 
CAAGUUAC 
CAGAAGGC 
CCUGAGCC 
GCCCUGGU 
AAUGGACA 
GGCCUGGG 
CACAGGUC 
CCUGCCUC 
GACCUCUC 
CADACAUU 
CGAUCUUC 
COGGUCGC 
CCUGGAGA 
CACGGUGC 
CACCUAUU 
CUGGUCCU 
GGCCUGGG 
CCCAACUC 
ACCUGGAC 
AAAAACCA 
UACCUGGA 
UGGGGAAA 
GUGAUCGU 
ACUGUGUA 
ACAGGGUA 
GGAGGGGC 
UGACCUGC 
HAUGGUCC 
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1865 

1863 

1877 

1901' 

1912 

1922 

1923 

1928 

1530 

1964 

1983 

1956 

2005 

2013 

2015 

2020 

2039 

2040 

2057 

2061 

2071 

2076 

2097 

2098 

2115 

2128 

2130 

2145 

2152 

2156 

2158 

2159 

2160 

2162 

2163 

2166 

2167 

2170 

2171 

2173 

2174 

2175 

2176 

2183 

2185 

2186 

2187 

2189 

2196 



UAUCCGGU 
UCACGAGU 
ACAGUACU 
COAAAACU 
GAACAGAU 
ADGUAAGU 
CGGACGCU 
GCUCAGAU 
UGGAGACU 
AGAGADCU 
GAGAACCU 
CGGAAGCU 
ADGUAAGU 
CGCUGCCU 
CGGCCUAU 
UAUUGAGU 
CGGAGGAU 
CCUGACCU 
OjGGUCCU 
GCGUCCAU 
AUACUUGU 
CGUAGCCU 
CCAACUCU 
CCUGACCU 
UUCCGACU 
AGU GC TO U 
GCCUGUUU 
CCAACUCU 
UUGAGAAU 
UGACAGUU 
UGADGUAU 
GAUGUAUU 
AUGUADUU 
ACAUUCCU 
UAUUUAUU 
UGADGUAU 
GAUGUAUU 
GUADUUAU 
CAGUUAUU 
UGUGCUAU 
UCUCUADU 
AUUUCUUU 
GAAAAUGU 
UGACAGUU 
ACAGUUAU 
CAGUUAUU 
AGUUAUUU 
UUAUUUAD 
CUGACAGU 



A GACACAAG 
C AUAUAAAU 
U CCCCCAGG 
C AAGGUACA 
C AADGGACA 
U AUUGCCUA 
C ACCUUUAG 
A UACCUGGA 
A ACDGGADG 
U GUGUCAGC 
C GGCCCGGG 
C UUCAAGCU 
U AUUGCCUA 
A UCGGGADG 
C GGGADGGU 
A CCCUGUAC 
C ACAAACGA 
C CUGGAGGU 
C CAAUGGCU 
U UACACCUA 
A GCCUCAGG 
C AGGCCUAA 
U GUUGADGU 
C CUGGAGGU 
A GGGUCCUG 
A CCAUGAUC 
C CUGCCUCU 
U GUUGADGU 
C UACAACUU 
A UUUAUUGA 
U UADUAADU 
U ADUAADUC 
A UUAAUUCA 
A CCUUUGUU 
A AUUGAGAG 
U UAUUAAUU 
U AUUAAUUC 
U AAUUCAGA 
U AUUGAGUA 
A UGGUCCUC 
A CCCCUGCU 
C ACGAGUCA 
U CCAACCAC 
A UUUAUUGA 
U UAUUGAGU 
U AUUGAGUA 
A UUGAGUAC 
U GAGUACCC 
U AUUUAUUG 



2198 

2199 

2200 

2201 

2205 

2210 

2220 

2224 

2226 

2233 

2242 

2248 

2254 

2259 

2260 

2266 

2274 

2279 

2282 

2288 

2291 

2321 

2338 

2339 

2341 

2344 

2358 

2359 

2360 

2376 

2377 

2378 

2379 

2380 

2382 

2384 

2399 

2401 

2411 

2417 

2418 

2425 

2426 

2433 

2434 

2448 

2449 

2451 

2452 



GAAUGUCU 
AGACUCUU 
GGGUACUU 
GGGCUUCU 
UUUUGUGU 
CGGAGACU 
GAGAACCU 
ACAUACAU 
CUGGACCU 
UCACGCUU 
ACACAGCU 
CUCCUGGU 
AUCCAAUU 
GAUCACAU 
ADCACAUU 
ADCAGGAU 
GAGCAGGU 
GGAAAGAU 
ACAGUUAU 
GCCCUGGU 
CAGGAUAU 
GGAAAGAU 
UUGGGCUU 
GGGUACUU 
GGGCCUGU 
CUGCUCGU 
CCCUGCCU 
CCADCCAU 
CUUGUGUU 
GAACUGCU 
GACUUCCU 
GCUGADUU 
CUGCUCU U 
UGAUUUCU 
AUUUCUUU 
UAUCCGGU 
UAAADACU 
UG UG C UA U 
CAAUUUCU 
ADCAGGAU 
UCADGCUU 
UUAUUAAU 
CCUGGGGU 
UCAGAGUU 
CGGAGGAU 
UGAACAGU 
GAAGCCUU 
GGCCUGUU 
GCCUGUUU 



U 
C 

c 
c 
c 
c 
u 



C CGAGGUCA 
A CADGCCAG 
C CCCCAGGC 
C CACAGGUC 
C AGCCACCG 
A ACUGGADG 
C GGCCUGGG 
CCUACCUU 
AGGCCACA 
ACAGAACU 
UCAGUAGU 
CUGGUCGC 
ACACUGAA 
CAOGGCGC 
C ACGGUGCU 
A UACAAGUU 
U AACADGUA 
C AUACGGGU 
U UAUUGAGU 
C CUCCAAUG 
A CAAGUUAC 
C AUACGGGU 
C UCCACAGG 
C CCCCAGGC 
C GGCGCUCA 
A GACCUCUC 
C OJCCCACA 
C CCACAGAA 
C CCUGGAAG 
C UUCCUCUU 
U CUCUAUUA 
C UUUCACGA 
C CUCUUGCG 
U UCACGAGU 
C ACGAGUCA 
A GACACAAG 
A UGUGGACG 
A UGGUCCUC 
C AUGCUUCA 
A UACAAGUU 
C ACAGAACU 
U CAGAGUUC 
U GGAGACUA 
C UGACAGUU 
C ACAAACGA 
A CUUCCCCC 
C CUGCCUCG 
U CCUGCCUC 
C CUGCCUCU 
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2455 ACAUUCCU A CCU UU G UU 

2459 CCCUGCCU C CUCCCACA 

2460 CCUACCDU U GUUCCCAA 

2479 DUACACCU A UUACCGCC 

2480 GUCGCCGU U GUGAUCCC 

2483 ACCUUCGU U CCCAADGU 

2484 CCUUUGUU C CCAADGUC 
2492 GACCACCU C CCCACCUA 
2504 ACCUACAU A C AUUCCUA 

2508 ACAUACAU U CCUACCUU 

2509 CAUACAUU C CUACCUUU 

2510 GUCCADUU A CACCUAUU 

2520 AOJUUUGU U CCCAADGU 

2521 CCUUUGUU C CCAADGUC 
2533 ACAGCAUU 0 ACCCCDCA 
2540 UCGGUGCU C AGGUADCC 
2545 AGGCAGCU C CGGACUUU 
2568 CAGAGAUU U UGUGUCAG 
2579 CCUGCACU U UGCCCDGG 
2585 CUGCUCGU A GACCUCUC 
2588 UGCCUCCU C CCACAGCC 
2591 CUCUUCCU C UUGCGAAG 
2593 UCUCUAUU A CCCCDGCU 
2596 CUCCUGGU C CUGGUCGC 

2601 UGUGCUAU A UGGUCCUC 

2602 GUCCUGGU C GCCGUUGU 

2607 GUGGGAGU A UCACCAGG 

2608 CUUUAGCU C CCGUGGGA 

2609 UGGAGACU A ACUGGADG 
2620 UCAGAGUU C UGACAGUU 
2626 CUCUCAGU A GOSCUGCU 
2628 UACAACUU U UCAGCUCC 
2635 UCACAGAU C CAAUUCAC 

2640 GCUCAGGU A UCCAUCCA 

2641 CCCCACCU A CAUACAUU 

2642 GCCUGUUU C CDGCCUCU 
2653 CCACAGGU C AGGGUGCU 
2659 AGAAGGGU C COGCAAGC 
2689 ACUAGGGU C CUGAAGCU 
2691 UCAGGCCU A AGAGGACU 
2700 AGGGUACU U CCCCCAGG 
2704 GACCACCU C CCCACCUA 

2711 CCCUACCU U AGGAAGGU 

2712 CCUACCUU A GGAAGGUG 
2721 GGAAAGAU C AUACGGGU 
2724 AAGAUCAU A CGGGUUUG 
2744 GGGUGGAU C CGUGCAGG 
2750 GUCCCUGU U UAAAAACC 
2759 GACGAACU A UCGAGUGG 



2761 

2765 

2769 

2797 

2803 

2804 

2813 

2815 

2821 

2822 

2823 

2829 

2837 

2840 

2847 

2853 

2860 

2872 

2877 

2899 • 

2900 

2904 

2905 

2906 

2907 

2908 

2909 

2910 

2911 

2912 

2913 

2914 

2915 

2916* 

2917 

2918 

2919 

2931 

2933 

2941 

2951 

2952 

2955 

2956 

2961 

2962 

2965 

2966 

2969 



CGGACUUU 

CUUUUGCU 

UUCUCUAU 

CGUGAAAU 

CUCAUGCU 

UCADGCUU 

GCUCCCAU 

CGGACUUU 

CCUGACCU 

UACAACUU 

CAACUUUU 

UCGGUGCU 

CACAGGGU 

GCACCCCU 



C GAUCUUCC 
C UGCGGCCU 
U ACCCCUGC 
U AUGGUCAA 
U CACAGAAC 
C ACAGAACU 
CUGACCCU 
GAUCUUCC 
CUGGAGGU 
UCAGCUCC 
AGCUCCCA 
AGGUADCC 
CUUCCCCC 
CCAGCGCA 



UUACCCCU C ACCCACCU 
UOCGAUCU U CCGACUAG 
UCUUGUGU U CCCUGGAA 
GGGCCDGU C GGUGCUCA 
UGGAGUCU C CCAGCACC 
AGGCAGCU C CGGACUUU 
GGCUGACU U CCUUCUCU 
GAACUGCU C UUCCUCUU 
GGCUGACU U CCUUCUCU 
A UUUAUUAA 
C 

u 
c 
c 
c 



CUCUUGCG 
UAUUAAUU 
UUCCUCUU 
UCUADUAC 
UAUUACCC 
UUAAUUCA 
GUUCCCAG 



GUUGAUGU 
CUGCUCUU 
UGAUGUAU 
GAACUGCU 
ACUUCCUU 
UUCCUUCU 
AUGUAUUU A 
UGUGUAUU C 
GUAUUUAU U AAUUCAGA 
UAUUUAUU A AUUCAGAG 
CUCUUCCU C UUGCGAAG 
CUUCCUCU U GCGAAGAC 
AUUUCUUU C ACGAGUCA 
UUUUGUGU C AGCCACUG 
GAUGGUGU C .CCGCUGCC 
UGGAGUCU C CCAGCACC 
CAGUACUU C CCCCAGGC 
ACCAUGCU U CCUCUGAC 
CCGGACUU U CGAUCUUC 
UGCUUCCU C UGACAUGG 
CUUUCCUU U GAAUCAAU 
UUUUGUGU C AGCCACUG 
UGUGUAUU C GUUCCCAG 
CUuuiAAU C AAUAAAGU 
UGGAAGCU C UUCAAGCU 
GAAUCAAU A AAGUUUUA 
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2975 OGGAAGCU C OOCAAGCO 

2976 OADADQGU C CUCACCUG 

2977 GAAGCOCU U CAAGCUGA 
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Table 10: Rat ICAM HH Ribozyme Sequences 



at . Rat EH Ribozyme Sequence 

Position 

11 UCAGUGDG CDGADGAGGCCGAAAGGCCGAA ADUGGACC 

23 DAGAGAAG CDGADGAGGCCGAAAGGCCGAA AAGUCAGC 

26 AAGAGGAA CXJGADGAGGCCGAAAGGCCGAA AGCAGUUC 

31 AGGACCAG CUGAUGAGGCCGAAAGGCOSAA AGCAGAGG 

34 GUAUAUCC CDGADGAGGCCGAAAGGCCGAA AGCUUCAG 

40 GGGGCODG CDGADGAGGCCGAAAGGCCGAA ACCJUGAG 

48 CCCAGGCC CDGADGAGGCCGAAAGGCCGAA AGGUUCCC 

54 GGCDCAGG CIX2ADGAGGCCGAAAGGCCGAA AGGCGGGG 

58 GGGAGCOA CDGADGAGGCCGAAAGGCCGAA AGGCACGG 

64 ACGGGDDG CDGADGAGGCCGAAAGGCCGAA AGCC AD U U * 

96 AGGACCAG CDGADGAGGCCGAAAGGCCGAA AGCAGAGG 

102 GCGACCAG CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 

108 AGOUCCCC CDGADGAGGCCGAAAGGCCGAA AGCAGDCC 

115 DGGGAACA CDGADGAGGCCGAAAGGCCGAA AGGUAGGA 

119 GAGDDGGG COGADGAGGCOSAAAGGCCGAA ACAGDGDC 

120 GGCCCGGG CDGADGAGGCCGAAAGGCCGAA ADCACAAC 
146 GGAGDDCC CDGADGAGGCCGAAAGGCCGAA AGGDCDGG 
152 DDGAGGOG CDGADGAGGCCGAAAGGCCGAA AGCCGGGU 
158 DGACDCGD CDGADGAGGCCGAAAGGCCGAA AAAGAAA0 
165 GGGGGAAG CDGADGAGGCCGAAAGGCCGAA ACUGUDCA 
163 CGAGGCAG CDGADGAGGCCGAAAGGCCGAA AAGGCDDC 
185 CCDGCACG CDGADGAGGCCGAAAGGCCGAA ADCCACCC 
209 GGOCAGAU CDGADGAGGCCGAAAGGCCGAA AGGGGCDG 
227 DDCACAGD CDGADGAGGCCGAAAGGCCGAA ACDDGGDC 
230 CCOCCCAC CDGADGAGGCCGAAAGGCCGAA ACAGCDDG 
237 GGGGOGDC CDGADGAGGCCGAAAGGCCGAA AGCDDCAG 
248 DCCDAAGG CDGADGAGGCCGAAAGGCCGAA AGGGGGCC 
253 CCDCCACD CDGADGAGGCCGAAAGGCCGAA AGGCAGDG 
263 GCADGAGA CDGADGAGGCCGAAAGGCCGAA ADDGGCDC 
267 CGAGGCAG CDGADGAGGCCGAAAGGCCGAA AAGGCDDC 
293 DCAGCDDG CDGADGAGGCCGAAAGGCCGAA AGAGCDDC 
319 DCGUUUGU CDGADGAGGCCGAAAGGCCGAA ADCCDCCG 
335 AGDDCDCA CDGADGAGGCCGAAAGGCCGAA AGCACAGU 

337 GAGGACCA CDGADGAGGCCGAAAGGCCGAA ADAGCACA 

338 CDCAGCDD CDGADGAGGCCGAAAGGCCGAA AAGAGCDU 
359 AAGCCGAG CDGADGAGGCCGAAAGGCCGAA ACDGCGDG 
367 ACGGGUDG CDGADGAGGCCGAAAGGCCGAA AGCCADDG 

374 AGGDGGGU CDGADGAGGCCGAAAGGCCGAA AGGGGUAA 

375 GAGGCAGG CDGADGAGGCCGAAAGGCCGAA AGGCDDCD 
378 DACCCOGD CDGADGAGGCCGAAAGGCCGAA AGGDGGGU 
386 AGCDCCAA CDGADGAGGCCGAAAGGCCGAA ACACAGCG 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 PCI7IB95/00156 

207 



394 CD300CAG CDGADGAGGCCGAAAGGCCGAA AGCACCAC 

420 DGCGCDGG OJGADGAGGCCGAAAGGCCGAA AGGGGDGC 

425 GGUGGCAG CDGADGAGGCCGAAAGGCCGAA AGCCGAGG 

427 DGGDOODU OJGADGAGGCCGAAAGGCCGAA AACAGGGA 

450 CGCAGGAU CDGADGAGGCCGAAAGGCCGAA AGGUUCUU 

451 GCCDGGGG CDGADGAGGCCGAAAGGCCGAA AAGUACCC , 
456 UGGUGGCA CDGADGAGGCCGAAAGGCCGAA AAGCCGAG ' 
495 DACACAGU CDGAUGAGGCX^GAAAGGCCGAA ADGGDGGC 
510 UDCCCACG CDGAUGAGGCCGAAAGGCCGAA AGCAGCAC 
564 GGGGDDGG CDGADGAGGCCGAAAGGCCGAA AjCADUDUC 
592 DCCCDGGU CDGADGAGGCCGAAAGGCCGAA ADACDCCC 

607 GCADGAGA CDGADGAGGCCGAAAGGCCGAA A3DDGGCDC 

608 AGCADGAG CDGADGAGGCCGAAAGGCCGAA AADDGGCU 

609 AAGCADGA CDGADGAGGCCGAAAGGCCGAA AAADUGGC 
611 P GAAGCAP CDGADGAGGCCGAAAGGCCGAA AGAAADDG 

656 CADDCDDG CDGADGAGGCCGAAAGGCCGAA ACAGOGAC 

657 ACADDCOD CDGADGAGGCCGAAAGGCCGAA AACAGDGA 
668 AAGAGGAA CDGADGAGGCCGAAAGGCCGAA AGCAGUOC 
677 OGCGCDGG CDGADGAGGCCGAAAGGCCGAA AGGGGDGC 
684 AAAGOCCG CDGADGAGGCCGAAAGGCCGAA AGCDGCCD 

692 GGAGODCC CDGADGAGGCCGAAAGGCCGAA AGGDCDGG 

693 GGAAGADC COGADG&GGCCGAAAGGCCGAA AAAGDCCG 
696 AGAGGCAG CDGADGAGGCCGAAAGGCCGAA AAACAGGC 
709 GDGAGGGG CDGADGAGGCCGAAAGGCCGAA AAADGCDG 
720 GAGCDGAA CDGADGAGGCCGAAAGGCCGAA AGDDGUAG 
723 OGGGAGCD CDGADGAGGCCGAAAGGCCGAA AAAAGDDG 
735 GCGACCAG CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 
738 D CCACCC C CDGADGAGGCCGAAAGGCCGAA AGGCAGGA 
765 AGDDCDCA CDGADGAGGCCGAAAGGCCGAA AGCACAGU 

769 UDCCAGGG CDGADGAGGCCGAAAGGCCGAA ACACAAGA 

770 CDDCCAGG CDGADGAGGCCGAAAGGCCGAA AACACAAG 

785 AGGCAGGA CDGADGAGGCCGAAAGGCCGAA ACAGGCCD 

786 GAGGCAGG CDGADGAGGCCGAAAGGCCGAA AACAGGCC 
792 GCGACCAG CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 
794 GAGCODCA CDGADGAGGCCGAAAGGCCGAA AGGCAGGA 
807 DCCAGGDA CDGADGAGGCCGAAAGGCCGAA ADCOGAGC 
633 UAGOCOCC CDGADGAGGCCGAAAGGCCGAA ACCCCAGG 
846 CAAUAAAD CDGADGAGGCCGAAAGGCCGAA ACDGDCAG 
851 AGCDGCDA CDGADGAGGCCGAAAGGCCGAA AGGDGAGC 
863 ACGGGDDG CDGADGAGGCCGAAAGGCCGAA AGCCADDG 

866 DGOCAGAG CDGADGAGGCCGAAAGGCCGAA AAGCADGG 

867 TOGGD GGG CDGADGAGGCCGAAAGGCCGAA AGGDGGOC 
869 CDDCGCAA CDGADGAGGCCGAAAGGCCGAA AGGAAGAG 
881 CACGGGDU CDGADGAGGCCGAAAGGCCGAA AAGCCAUU 
885 UOCACAGD CDGADGAGGCCGAAAGGCCGAA ACDDGGDC 
933 COGGGAAC CDGADGAGGCCGAAAGGCCGAA AADACACA 
936 DGACACAA CDGADGAGGCCGAAAGGCCGAA ADCDCDGC 
978 AAGDDGOA CDGADGAGGCCGAAAGGCCGAA ADDCDCAA 
980 AAAAGDDG CDGADGAGGCCGAAAGGCCGAA AGADDCDC 
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986 GAGCDGAA CDGADGAGGCOSAAAGGCCGAA AGUUGOAG 

987 GGAGCUGA CDGADGAGGCCGAAAGGCCGAA AAGUDGUA 

988 GGGAGCDG CDGADGAGGCCGAAAGGCCGAA AAAGODGD 

1005 GACGCCAC CDGADGAGGCCGAAAGGCCGAA ADCACGAA 

1006 CCUGGDGA CDGADGAGGCCGAAAGGCCGAA ACUCCCAC 
1023 CCUUCUGA CDGADGAGGCCGAAAGGCCGAA ACCDCCGG 
1025 CCCCUUCU CUGADGAGGCCGAAAGGCCGAA AGACCOCC 
1066 DTOGGAAC CUGADGAGGCCGAAAGGCCGAA AAGGDAGG 

1092 . UCUGCUGA CUGADGAGGCCGAAAGGCCGAA ACCCCUCU 

1093 AGGGGCDG CDGADGAGGCCGAAAGGCCGAA AEUCCCCU 
1125 ADCAACAA CDGADGAGGCCGAAAGGCCGAA AGDUGGGG 

1163 AGCAAAAG CDGADGAGGCCGAAAGGCCGAA AGCGCCGU 

1164 GAGCAAAA CDGADGAGGCCGAAAGGCCGAA AAGCGDCG 
1166 CAGAGCAA CDGADGAGGCCGAAAGGCCGAA AGAAGCGU 
1172 AGGCCGCA CDGADGAGGCCGAAAGGCCGAA AGCAAAAG 

1200 DDCAGDGU CDGADGAGGCCGAAAGGCCGAA AADDGGAU 

1201 CCDGDGGA CDGADGAGGCCGAAAGGCCGAA AAGCCCAA 
1203 GACCDGOG CDGADGAGGCCGAAAGGCCGAA AGAAGCCC 

1227 AGCACAUG CDGADGAGGCCGAAAGGCCGAA AGDDCCAA 

1228 ACGADCAC CDGADGAGGCCGAAAGGCCGAA AAGCCCGC 
1233 GCGACCAG CDGADGAGGCCGAAAGGCCGAA ACCAGGAG 
1238 GAGGACCA CDGADGAGGCCGAAAGGCCGAA ADAGCACA 
1264 ACCCGDAU CDGADGAGGCCGAAAGGCCGAA ADCDDDCC 
1267 CADUCDDG CDGADGAGGCCGAAAGGCCGAA ACAGDGAC 
*294 CDGACACA CDGADGAGGCCGAAAGGCCGAA AADCUCDG 
1295 UCDGCDGA CDGADGAGGCCGAAAGGCCGAA ACCCCDCD 
1306 GCADGDAA CDGADGAGGCCGAAAGGCCGAA AGDCDGCD 
1321 DDUCCCCA CDGADGAGGCCGAAAGGCCGAA ACOCDGDD 
1334 GCDCOGGG CDGADGAGGCCGAAAGGCCGAA ACGAADAC 
1344 GGADACCU CDGADGAGGCCGAAAGGCCGAA AGCACCGA 
1351 AGDCCDCD CDGADGAGGCCGAAAGGCCGAA AGGCCDGA 
1353 CCADDGUD CDGADGAGGCCGAAAGGCCGAA AGCDGCDA 

1366 CCDGGGGG CDGADGAGGCCGAAAGGCCGAA AGDACCCD 

1367 GCCDGGGG CDGADGAGGCCGAAAGGCCGAA AAGDACCC 

1368 GGCAGCGG CDGADGAGGCCGAAAGGCCGAA ACACCADC 
1380 ACCADCCC CDGADGAGGCCGAAAGGCCGAA ADAGGCAG 
1388 CADCCAGD CDGADGAGGCCGAAAGGCCGAA AGDCDCCA 
1398 DGDCCOGD CDGADGAGGCCGAAAGGCCGAA ACAGCCAG 
1402 CAGODCDC CDGADGAGGCCGAAAGGCCGAA AAGCACAG 
"08 GACGCCAC CDGADGAGGCCGAAAGGCCGAA ADCACGAA 
1410 GDCCACOC CDGADGAGGCCGAAAGGCCGAA ADAGDDCG 
1421 GCCDGGGG CDGADGAGGCCGAAAGGCCGAA AAGDACCC 
1425 AGCCAGAG CDGADGAGGCCGAAAGGCCGAA AGG D GGGD 
1429 CCDGAGGC CDGADGAGGCCGAAAGGCCGAA ACAAGUAD 
1444 CDCCDCCU CDGADGAGGCCGAAAGGCCGAA AGCCDDCD 
1455 UCCCDGGU CDGADGAGGCCGAAAGGCCGAA ADACDCCC 
1482 CCDGGGGG CDGADGAGGCCGAAAGGCCGAA AGDACCCD 
!484 GCAAGAGG CDGADGAGGCCGAAAGGCCGAA AGAGCAGD 
1493 UAGDCDCC CDGADGAGGCCGAAAGGCCGAA ACCCCAGG 
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1500 OUGACCAU CUGADGAGGCCGAAAGGCCGAA ADDUCACG 

1503 GUGGUUGG CUGADGAGGCCGAAAGGCCGAA ACADOUUC 

1506 CCAACAAU CUGAUGAGGCCGAAAGGCCGAA ADGACCCA 

1509 UACACAGU CUGADGAGGCCGAAAGGCCGAA AUGGUGGC 

1518 ACAACGGC CUGAOGAGGCCGAAAGGCCGAA ACCAGGAC 

1530 ACAADUAU CUGADGAGGCCGAAAGGCCGAA ACCCAGGU 

1533 AAGCCCGC CDGAUGAGGCCGAAAGGCCGAA ADGADCAG 

1551 DACGAGCA CDGADGAGGCCGAAAGGCCGAA AGGGCCAC 

1559 UAAACAGG CUGADGAGGCCGAAAGGCCGAA ACODCCCA 

1563 UGGGAACA CUGADGAGGCCGAAAGGCCGAA AGGUAGGA 

1565 GGCGGUAA CUGADGAGGCCGAAAGGCCGAA AGGUGUAA 

1567 CUGGCGGU CUGADGAGGCCGAAAGGCCGAA ADAGGUGU 

1584 DAUAUCCU CUGADGAGGCCGAAAGGCCGAA ADCUUCCU 

1592 G UAACTUO CUGAUGAGGCCGAAAGGCCGAA ADAUCCUG 

1599 GCCOUCOG CUGADGAGGCCGAAAGGCCGAA AACUUGUA 

1651 GGCOCAGG CUGADGAGGCCGAAAGGCCGAA AGGCGGGG 

1661 ACCAGGGC CUGADGAGGCCGAAAGGCCGAA AAGUGCAG 

1663 UGUCCAUD CUGADGAGGCCGAAAGGCCGAA ADCUGDDC 

1678 CCCAGGCC CUGADGAGGCCGAAAGGCCGAA AGGUDCDC 

1680 GACCUGOG CUGADGAGGCCGAAAGGCCGAA AGAAGCCC 

1681 GAGGCAGG CUGADGAGGCCGAAAGGCCGAA AACAGGCC 
1684 GAGAGGDC CUGADGAGGCCGAAAGGCCGAA ACGAGCAG 

1690 AADGDADG CUGADGAGGCCGAAAGGCCGAA AGGUGGGG 

1691 CAAGAUCG CUGADGAGGCCGAAAGGCCGAA AAGDCCGG 
1696 GCGACCAG CUGADGAGGCCGAAAGGCCGAA ACCAGGAG 
1698 UCUCCAGG CUGADGAGGCCGAAAGGCCGAA ADADCUGA 
1737 GCACCGUG CUGADGAGGCCGAAAGGCCGAA ADGUGAUC 
1750 AADAGGUG CUGADGAGGCCGAAAGGCCGAA AAAGGGAC 
1756 AGGACCAG CUGADGAGGCCGAAAGGCCGAA AGCAGAGG 
1787 CCCAGGCC CUGADGAGGCCGAAAGGCCGAA AGGDDCDC 
1790 GAGUUGGG CTGADGAGGCCGAAAGGCCGAA ACAGOGDC 
1793 GOCCAGSO CTGADGAGGCCGAAAGGCCGAA AGGACCAD 
1797 UGGDUOUO CTGADGAGGCCGAAAGGCCGAA AACAGGGA 
1802 UCCAGGUA CTGADGAGGCCGAAAGGCCGAA ADCUGAGC 

1812 UODCCCCA CDGADGAGGCCGAAAGGCCGAA ACTCDGUD 

1813 ACGADCAC CUGADGAGGCCGAAAGGCCGAA AAGCCCGC 
1825 DACACAGD CUGADGAGGCCGAAAGGCCGAA ADGGGGGC 
1837 DACCCOGD CDGADGAGGCCGAAAGGCCGAA AGGGGGGU 
1845 GCCCCDCC CDGADGAGGCCGAAAGGCCGAA AGOCCTCD 
1856 GCAGGUCA CTGADGAGGCCGAAAGGCCGAA ADDAGGGG 
1861 GGACCAUA CTGADGAGGCCGAAAGGCCGAA AGCACADG 
1865 CTOGOGDC CUGADGAGGCCGAAAGGCCGAA ACCGGADA 
1868 ADDDADAD CTGADGAGGCCGAAAGGCCGAA ACDCGOGA 
1877 COTGGGGG CDGADGAGGCCGAAAGGCCGAA AGDACDGD 
1901 DGUACCOD CUGADGAGGCCGAAAGGCCGAA AGDDUUAG 
1912 UGUCCADU CUGADGAGGCCGAAAGGCCGAA ADCUGDDC 

1922 DAGGCAAD CDGADGAGGCCGAAAGGCCGAA ACODACAD 

1923 CUAAAGGD CTGADGAGGCCGAAAGGCCGAA AGCGOCCA 
1928 tJCCAGGUA CUGADGAGGCCGAAAGGCCGAA ADCUGAGC 
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1930 CADCCAGU CDGADGAGGCCGAAAGGCCGAA AGOCOCCA 

1964 GCUGACAC CJJGADGAGGOCGAAAGGCCGAA AAADCDCU 

1383 CCCAGGCC COGADGAlSGCCGAAAGGCCGAA AGGODCOC 

1996 AGCOCGAA COGADGAGGCCGAAAGGCCGAA AGCUOCCA 

2005 UAGGCAAQ COGADGAGGCCGAAAGGCCGAA ACOOACAD 

2013 CADCCCGA COGADGAGGCCGAAAGGCCGAA AGGCAGCG 

2015 ACCAOCCC COGADGAGGCCGAAAGGCCGAA ADAGGCAG 

2020 GOACAGGG COGADGAGGCCGAAAGGCCGAA ACUCAADA 

2039 OCGOOOGO CDGAI3GAGGCCGAAAGGCOGAA ADCCDCCG 

2040 ACCOCCAG COGAEGAGGCCGAAAGGCCGAA AGGUCAGG 
2057 AGCCADOG CCGACGAGGCCGAAAGGCCGAA AGGACCAG 
2061 OAGGOGOA COGADGAGGCCGAAAGGCCGAA ADGGACGC 
2071 CC0GAGGC CUGADGAGGCCGAAAGGCCGAA ACAAGUAU 
2076 OQAGGCCO COGADGAGGCCGAAAGGCCGAA AGGCUACA 

2097 ACADCAAC COGADGAGGCCGAAAGGCCGAA AGAGOOGG 

2098 ACCOCCAG COGADGAGGCCGAAAGGCCGAA AGGOCAGG 
2115 CAGGACCC COGADGAGGCCGAAAGGCCGAA AGOCGGAA 
2128 GADCADGG COGADGAGGCCGAAAGGCCGAA ACAGCACO 
2130 AGAGGCAG COGADGAGGCCGAAAGGCCGAA AAACAGGC 
2145 ACADCAAC COGADGAGGCCGAAAGGCCGAA AGAGOOGG 

2152 AAGO0GOA OTGADGAGGCCGAAAGGCCGAA ADOCOCAA 
2156 DCAADAAA COGADGAGGCCGAAAGGCCGAA AACOGOCA 

2158 AADOAADA COGADGAGGCCGAAAGGCCGAA ADACADCA 

2159 GAADOAAD COGADGAGGCCGAAAGGCCGAA AADACADC 

2160 DGAADOAA COGADGAGGCCGAAAGGCCGAA AAADACAD 
2162 AACAAAGG COGADGAGGCCGAAAGGCCGAA AGGAADGO 

2153 COCCGAAD COGADGAGGCCGAAAGGCCGAA AADAAADA 

2166 AADOAADA COGADGAGGCCGAAAGGCCGAA ADACADCA 

2167 GAADOAAD COGADGAGGCCGAAAGGCCGAA AADACADC 

2170 OCOGAADO COGADGAGGCCGAAAGGCCGAA ADAAADAC 

2171 DACOCAAD COGADGAGGCCGAAAGGCCGAA AADAACOG 

2173 GAGGACCA COGADGAGGCCGAAAGGCCGAA ADAGCACA 

2174 AGCAGGGG COGADGAGGCCGAAAGGCCGAA AADAGAGA 

2175 OGACOCGO COGADGAGGCCGAAAGGCCGAA AAAGAAAD 

2176 GOGGOOGG COGADGAGGCCGAAAGGCCGAA ACADOOOC 
2183 DCAADAAA COGADGAGGCCGAAAGGCCGAA AACOGOCA 

2185 ACOCAADA COGADSAGGCCGAAAGGCCGAA ADAACOGO 

2186 DACOCAAD COGADGAGGCCGAAAGGCCGAA AADAACOG 

2187 GDACOCAA COGADGAGGCCGAAAGGCCGAA AAADAACO 
2189 GGGOACOC COGADGAGGCCGAAAGGCCGAA ADAAADAA 
2196 CAADAAAD COGADGAGGCCGAAAGGCCGAA ACOGOCAG 

2198 DGACCOCG COGADGAGGCCGAAAGGCCGAA AGACADUC 

2199 COGGCADG COGADGAGGCCGAAAGGCCGAA AAGAGOOT 

2200 G CCOGGGG COGADGAGGCCGAAAGGCCGAA AAGOACCC 

2201 GACCOGOG COGADGAGGCCGAAAGGCCGAA AGAAGCCC 
2205 CAGOGGCO COGADGAGGCCGAAAGGCCGAA ACACAAAA 
2210 CADCCAGO COGADGAGGCCGAAAGGCCGAA AGOCOCCA 
2220 CCCAGGCC COGADGAGGCCGAAAGGCCGAA AGGOOCOC 
2224 AAGGOAGG COGADGAGGCCGAAAGGCCGAA ADGOADGO 
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2226 UGUGGCCU CDGADGAGGCCGAAAGGCCGAA AGGUCCAG 

2233 AGUUCUGU CUGADGAGGCCGAAAGGCCGAA AAGCADGA 

2242 ACUACUGA CDGAUGAGGCCGAAAGGCCGAA AGCUGUGU 

2248 GCGACCAG CUGADGAGGCCGAAAGGCCGAA ACCAGCAG 

2254 UUCAGUGU CUGADGAGGCCGAAAGGCCGAA AADCGGAD 

2259 GCACCGUG CUGADGAGGCCGAAAGGCCGAA ACGCGAOC 

2260 AGCACCGU CUGADGAGGCCGAAAGGCCGAA AAUGUGAU 
2265 AACUDGOA CUGADGAGGCCGAAAGGCCGAA ACCCUGAU 
2274 UACADGUU CUGADGAGGCCGAAAGGCCGAA ACCUGCCC 
2279 ACCCGUAU CUGADGAGGCCGAAAGGCCGAA ADCUDUCC 
2282 ACaCAADA CUGADGAGGCCGAAAGGCCGAA ADAACUGU 
2288 CADUGGAG CDGADGAGGCCGAAAGGCCGAA ACCAGGGC 
2291 GUAACUOG CUGADGAGGCCGAAAGGCCGAA ADADCCUG 
2321 ACCCGUAU CUGADGAGGCCGAAAGGCCGAA ACCUUUCC 

2338 CCDGUGGA CUGADGAGGCCGAAAGGCCGAA AAGCCCAA 

2339 GCCUGGGG CUGADGAGGCCGAAAGGCCGAA AAGUACCC 
2341 UGAGCACC CUGADGAGGCCGAAAGGCCGAA ACAGGCCC 
2344 GAGAGGUC CUGADGAGGCCGAAAGGCCGAA ACGAGCAG 

2358 UGUGGGAG CUGADGAGGCCGAAAGGCCGAA AGGCAGGG 

2359 UUCUGUGG CUGADGAGGCCGAAAGGCCGAA ADGGADGG 

2360 CUUCCAGG CUGADGAGGCCGAAAGGCCGAA AACACAAG 

2376 AAGAGGAA CUGADGAGGCCGAAAGGCCGAA AGCAGUUC 

2377 UAADAGAG CUGADGAGGCCGAAAGGCCGAA AGGAAGUC 

2378 UCGUGAAA CUGADGAGGCCGAAAGGCCGAA AAAUCAGC 

2379 CGCAAGAG CUGADGAGGCCGAAAGGCCGAA AAGAGCAG 

2380 ACUCGUGA CUGADGAGGCCGAAAGGCCGAA AGAAADCA 
2382 DGACDCGU CUGADGAGGCCGAAAGGCCGAA AAAGAAAD 
2384 CUUGUGUC CUGADGAGGCCGAAAGGCCGAA ACCGGAUA 
2399 CGUCCACA CUGADGAGGCCGAAAGGCCGAA AGUAUUUA 
2401 GAGGACCA CUGADGAGGCCGAAAGGCCGAA ADAGCACA 
2411 DGAAGCAD CDGADGAGGCCGAAAGGCCGAA AGAAADOG 

2417 AACUUGUA CUGADGAGGCCGAAAGGCCGAA ADCCUGAU 

2418 AGUUCUGU CUGADGAGGCCGAAAGGCCGAA AAGCADGA 

2425 GAACDCUG CUGADGAGGCCGAAAGGCCGAA ADUAAUAA 

2426 UAGUCUCC CUGADGAGGCCGAAAGGCCGAA ACCCCAGG 

2433 AACUGUCA CUGADGAGGCCGAAAGGCCGAA AACUCUGA 

2434 UCGUUUGU CUGADGAGGCCGAAAGGCCGAA ADCCUCCG 

2448 GGGGGAAG CUGADGAGGCCGAAAGGCCGAA ACCGUUCA 

2449 CGAGGCAG CUGADGAGGCCGAAAGGCCGAA AAGGCUUC 

2451 GAGGCAGG CDGADGAGGCCGAAAGGCCGAA AACAGGCC 

2452 AGAGGCAG CDGAOGAGGCCGAAAGGCCGAA AAACAGGC 
2455 AACAAAGG CUGADGAGGCCGAAAGGCCGAA AGGAADGD 

2459 UGUGGGAG CUGADGAGGCCGAAAGGCCGAA AGGCAGGG 

2460 DUGGGAAC CUGADGAGGCCGAAAGGCCGAA AAGGUAGG 
2^9 GGCGGUAA CDGADGAGGCCGAAAGGCCGAA AGGUGUAA 
2480 GGGADCAC CUGAUGAGGCCGAAAGGCCGAA ACGGCGAC 

2483 ACAUUGGG CUGADGAGGCCGAAAGGCCGAA ACAAAGGU 

2484 GACAUUGG CUGAUGAGGCCGAAAGGCCGAA AACAAAGG 
2492 UAGGUGGG CUGADGAGGCCGAAAGGCCGAA AGGUGGUC 
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2504 OAGGAADG CXJGADGAGGCCGAAAGGCCGAA ADGOAGGU 

2508 AAGGOAGG CUGADGAGGCCGAAAGGCCGAA A U GUAUGU 

2509 AAAGGOAG CUGADGAGGCCGAAAGGCCGAA AADGUADG 

2510 AADAGGUG CUGADGAGGCCGAAAGGCCGAA AAAUGGAC 

2520 ACADUGGG COSADGAGGCCGAAAGGCCGAA ACAAAGGU 

2521 GACAUOGG CUGADGAGGCCGAAAGGCCGAA AACAAAGG 
2533 UGAGGGGU CUGADGAGGCCGAAAGGCCGAA AADGCUGU 
2540 GGADACCU CUGADGAGGCCGAAAGGCCGAA AGCACCGA 
2545 AAAGDCCG CUGADGAGGCCGAAAGGCCGAA AGCUGCCU 
2568 CUGACACA CUGADGAGGCCGAAAGGCCGAA AADCUCUG 
2579 CCAGGGCA OJGADGAGGCCGAAAGGCCGAA AGUGCAGG 
2585 GAGAGGUC OJGADGAGGCCGAAAGGCCGAA ACGAGCAG 
2588 GGCDGDGG CUGADGAGGCCGAAAGGCOGAA AGGAGGCA 
2591 CUUCGCAA CUGADGAGGCCGAAAGGCCGAA AGGAAGAG 
2593 AGCAGGGG COSADGAGGCCGAAAGGCCGAA AADAGAGA 
2596 GCGACCAG OTGADGAGGCCGAAAGGCCGAA ACCAGGAG 
2601 GAGGACCA CTOADGAGGCCGAAAGGCCGAA ADAGCACA 
2^02 ACAACGGC CUGADGAGGCCGAAAGGCCGAA ACCAGGAC 

2607 CCUGGDGA CUGAOTAGGCCGAAAGGCCGAA ACUCCCAC 

2608 UCCCACGG CUGADGAGGCCGAAAGGCOGAA AGCUAAAG 

2609 CADCCAGU CUGADGAGGCCGAAAGGCCGAA AGUCUCCA 
2620 AACOGOCA CUGADGAGGCCGAAAGGCOGAA AACUCUGA 
2626 AGCAGCAC CUGADGAGGCCGAAAGGCOGAA ACUGAGAG 
2628 GGAGCUGA CUGADGAGGCCGAAAGGCOGAA AAGUUGUA 
2635 GUGAADUG CUGADGAGGCCGAAAGGCOGAA ADCUGUGA 

2640 UGGADGGA CDGADGAGGCCGAAAGGCCGAA ACCUGAGC 

2641 AADGUADG CDGADGAGGCCGAAAGGCCGAA AGGUGGGG 

2642 AGAGGCAG CUGADGAGGCCGAAAGGCCGAA AAACAGGC 
26 f 3 A GCAC CCU CUGADGAGGCCGAAAGGOCGAA ACCUGUGG 
2559 GCUUGCAG CUGADGAGGCCGAAAGGCOGAA AOCCUUCU 
2689 AGCUUCAG CUGADGAGGCCGAAAGGCCGAA ACCCUAGU 
2691 AGUCCUCU CUGADGAGGCCGAAAGGCCGAA AGGCCUGA 
2700 CCUGGGGG CUGADGAGGCCGAAAGGCOGAA AGUACCCU 
2704 UAGGUGGG CUGADGAGGCCGAAAGGCCGAA AGGUGGUC 

2711 ACCUUCCU CUGADGAGGCCGAAAGGCCGAA AGGUAGGG 

2712 CACCTUCC CDGADGAGGCCGAAAGGCCGAA AAGGUAGG 
2721 AOCCGUA0 CUGADGAGGCCGAAAGGCCGAA A D CUUUC C 
2724 CAAACCCG CUGADGAGGCCGAAAGGCCGAA ADGADCUU 
2744 C CUGCACG CUGADGAGGCCGAAAGGOCGAA ADCCACCC 
2750 GGDUUUUA CUGADGAGGCCGAAAGGCOGAA ACAGGGAC 
2759 CCACUCGA CUGADGAGGCCGAAAGGCCGAA AGUUCGUC 
2761 GGAAGADC CUGADGAGGCCGAAAGGCCGAA AAAGUCCG 
2765 AGGCOGCA CUGADGAGGCCGAAAGGCCGAA AGCAAAAG 
2769 GCAGGGGU CUGADGAGGCCGAAAGGCOGAA ADAGAGAA 
2797 UUGACCAD CUGADGAGGCCGAAAGGCCGAA ADDUCACG 

2803 GUUCUGUG CUGADGAGGCCGAAAGGCCGAA AGCADGAG 

2804 AGUUCUGU CUGADGAGGCCGAAAGGCCGAA AAGCADGA 
2813 AGGGUCAG CUGAOSAGGCCGAAAGGOCGAA ADGGGAGC 
2815 GGAAGADC CUGADGAGGCCGAAAGGCCGAA AAAGUCCG 
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2821 ACCUCCAG CDGADGAGGCCGAAAGGCCGAA AGGCCAGG 

2822 GGAGCDGA CTGADGAGGCCGAAAGGCCGAA AAG UUGUA 

2823 DGGGAGCU OTGADGAGGCCGAAAGGCCGAA AAAAGDUG 
2829 GGAUACCU CDGADGAGGCCGAAAGGCCGAA AGCACCGA 
2837 GGGGGAAG CDGADGAGGCCGAAAGGCCGAA ACCCDGDG 
2840 UGCGCDGG CTCADGAGGCCGAAAGGCCGAA AGGGGDGC 
2847 AGGUGGGD OT3ADGAGGCCGAAAGGCCGAA AGGGGDAA 
2853 CUAGUCGG CDGADGAGGCCGAAAGGCCGAA AGADCGAA 
2860 DDCCAGGG CUGADGAGGCCGAAAGGCCGAA ACACAAGA 
2872 DGAGCACC CDGADGAGGCCGAAAGGCCGAA ACAGGCCC 
2877 GGDGCDGG CCGADGAGGCCGAAAGGCCGAA AGACUCCA 

2899 AAAGDCCG CDGADGAGGCCGAAAGGCCGAA AGCDGCCD 

2900 AGAGAAGG CDGADGAGGCCGAAAGGCCGAA AGDCAGCC 

2904 AAGAGGAA CDGADGAGGCCGAAAGGCCGAA AGCAGDDC 

2905 AGAGAAGG CDGADGAGGCCGAAAGGCCGAA AGDCAGCC 

2906 DDAADAAA CDGADGAGGCCGAAAGGCCGAA ACADCAAC 

2907 CGCAAGAG CDGADGAGGCCGAAAGGCCGAA AAGAGCAG 

2908 AADDAADA CDGADGAGGCCGAAAGGCCGAA ADACADCA 

2909 AAGAGGAA CDGADGAGGCCGAAAGGCCGAA AGCAGDDC 

2910 GUAADAGA CDGADGAGGCCGAAAGGCCGAA AAGGAAGD 

2911 GGGUAAZ2A CDGADGAGGCCGAAAGGCCGAA AGAAGGAA 

2912 DGAADUAA CDGADGAGGCCGAAAGGCCGAA AAADACAD 

2913 CDGGGAAC CDGADGAGGCCGAAAGGCCGAA AADACACA 

2914 DCDGAADD CDGADGAGGCCGAAAGGCCGAA ADAAADAC 

2915 CDCDGAAU CDGADGAGGCCGAAAGGCCGAA AADAAADA 

2916 CDDCGCAA CDGADGAGGCCGAAAGGCCGAA AGGAAGAG 

2917 GDCDDCGC CDGADGAGGCCGAAAGGCCGAA AGAGGAAG 
2913 DGACDCGD CDGADGAGGCCGAAAGGCCGAA AAAGAAAD 
2919 CAGDGGCD CDGADGAGGCCGAAAGGCCGAA ACACAAAA 
2931 GGCAGCGG CDGADGAGGCCGAAAGGCCGAA ACACCADC 
2933 GGDGCDGG CDGADGAGGCCGAAAGGCCGAA AGACDCCA 
2941 GCCDGGGG CDGADGAGGCCGAAAGGCCGAA AAGDACDG 

2951 GDCAGAGG CDGADGAGGCCGAAAGGCCGAA AGCADGGU 

2952 GAAGADCG CDGADGAGGCCGAAAGGCCGAA AAGDCCGG 
29S5 CCADGDCA CDGADGAGGCCGAAAGGCCGAA AGGAAGCA 

.2956 ADDGADDC CDGADGAGGCCGAAAGGCCGAA AAGGAAAG. 

2961 CAGDGGCD CDGADGAGGCCGAAAGGCCGAA ACACAAAA 

2962 C DGGGA AC CDGADGAGGCCGAAAGGCCGAA AADACACA 

2965 ACDDDADD CDGADGAGGCCGAAAGGCCGAA ADDCAAAG 

2966 AGCDDGAA CDGADGAGGCCGAAAGGCCGAA AGCUDCCA 
2969 UAAAACDD CDGADGAGGCCGAAAGGCCGAA ADDGADDC 
2975 AGCDDGAA CDGADGAGGCCGAAAGGCCGAA AGCDDCCA 
2975 CAGGDGAG CDGADGAGGCCGAAAGGCCGAA ACCADADA 
2977 DCAGCDDG CDGADGAGGCCGAAAGGCCGAA AGAGCODC 
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Table 11: Human IL-5 HH Target Sequence 
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nt . 
Position 

8 
9 

10 

12 

13 

36 

37 

38 

56 

57 

63 

64 

69 

70 

74 

78 

80 

91 

97 
104 
116 
117 
130 
145 
155 
156 
157 
159 
162 
165 
171 
179 
192 
200 
201 
206 
207 
212 
216 
222 



EH Target Sequence 



ADGCACU 
UGGACUU 
GCACUUU 
ACUUUCU 

cuuucuu 

AGAAOGU 
GAACGUU 
AACGUUU 
GGADGCU 
GAUGCUU 
UCUGCAU 
CUGCADU 
UUUGAGU 
UUGAGUU 
GUUUGCU 
GCUAGCU 
UAGCCCU 
GCUGCCU 
UACGUGU 
AUGCCAU 
CAGAAAU 
AGAAADU 
AGUGCAU 
GAGACCU 
CACUGCU 
ACUGCOU 
CUGCUUU 
GCUUUCU 

uucuacu 

UACUCAU 
UCGAACU 
UGCUGAU 
UGAGACU 
UGAGGAU 
GAGGAUU 
UUCCUGU 
UCCUGUU 
UUCCUGU 
DGUACAU 
UAAAAAU 



U UCUUUGC 
U C OODGCC 
C UUDGCCA 
U UGCCAAA 
U GCCAAAG 
U UCAGAGC 
U CAGAGCC 
C AGAGCCA 
CDGCADtJ 
UGCADUU 
U3AGUUCJ 
GAGOOOG 
OSCUAGC 
GCUAGOT 
GCDCOCG 
UDGGAGC 
GGAGCUG 
CGOGOAU 
UGCCADC 
C CCCACAG 
U CCCACAA 
CCACAAG 
GGOGAAA 
GGOiCUG 
UCQACOC 
COACUCA 
UACUCAU 
A CUCAUCG 
C AUCGAAC 
C GAACUCU 
C UGCUGAU 
A GCCAAUG 
C UGAGGAU 
U CCUGUUC 
C C CX ^UUCC 
U CCUGOAC 
C CUGUACA 
A CAUAAAA 
A AAAAUCA 
C ACCAACU 



U 

c 
u 
u 
u 
u 

A 

c 
u 

A 
A 



nt . 
Position 

245 

247 

248 

249 

257 

273 

291 

305 

307 

308 

316 

319 

322 

323 

326 

334 

338 

380 

388 

.389 

392 

397 

409 

410 

411 

413 

419 

437 

440 

447 

454 

462 

463 

466 

479 

480 

481 

497 

498 

499 



EH Taxget Se<juenc€ 



AAGAAAU 
GAAAUCU 
AAAUCUU 
AAUCUUU 
AGGGAAU 
GGAGAGU 
AGGGGGU 
AAAGACU 
AGACUAU 
GACUAUU 
AAAAACU 
AACUUGU 
UUGUCCU 
UGUCCUU 
CCUUAAU 
AAGAAAU 
AAUACAU 
GGAGAGU 
AACCAAU 
ACCAAUU 
AAUCKXTJ 
CUAGACU 
CAAGAGU 
AAGAGUU 
AGAGUUU 
AGUUUCU 
UUGGUGU 
AGUGGAU 
GGAUAAU 
AGAAAGU 
UGAGACU 
AACUGGU 
ACUGGUU 
GG U UUG U 
CAAAGAU 
AAAGAUU 
AAGAUUU 
AGGACAU 
GGACAUU 
GACAUUU 



C UUUCAGG 
U UCAGGGA 
U CAGGGAA 
AGGGAAU 
GGCACAC 
AAACUGU 
CUGUGGA 
UUCAAAA 
CAAAAAC 
AAAAACU 
GUCCUUA 
CUUAAUA 
AAUAAAG 
AUAAAGA 
AAGAAAU 
CAUUGAC 
GACGGCC 
AACCAAU 
CCUAGAC 
CUAGACU 
GACUACC 
CCUGCAA 
UCUUGGU 
CUUGGUG 
UUGGUGU 
GGUGUAA 
AUGAACA 
AUAGAAA 
GAAAGUU 
GAGACUA 
AACUGGU 
UGUUGCA 
GUUGCAG 
GCAGCCA 
UUGGAGG 
UGGAGGA 
GGAGGAG 
UUACUGC 
UACUGCA 
ACUGCAG 



C 
A 
C 
A 
A 
U 
C 

u 

C 

u 

A 
A 
A 
U 
A 
U 
C 
A 
A 
U 

u 
c 
u 

A 
A 
A 
U 
A 
U 
U 
U 

u 
u 
u 
u 
u 
u 
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500 
531 
538 
539 
542 
543 
544 
• 545 
549 
551 
554 
555 
556 
560 
561 
573 
577 
579 
580 
581 
588 
597 
598 
611 
616 
617 
619 
620 
625 
627 
629 
630 
631 
636 
638 
644 
647 
653 
655 
656 
657 
658 
661 
672 
676 
678 
681 
682 



ACAuuuu 
AAAGAGU 
CAGGCCU 
AGGCCUU 
CCUUAAU 
CUUAADU 
UUAAUUU 
UAAUUuu 
UUUCAAU 
UCAADAU 
AUAIIAAU 
CADAADU 
AEAAUUU 
UUUAACU 
UOAACUU 
GGAAAGU 
AGUAAAU 
UAAAHAU 
AAADADU 
AADADUU 
CAGGCAU 
U3ACACU 
GACACUU 
AAAGCA0 
AUAAAAU 
UAAAADU 
AAAUUCU 
AADUCUU 
UUAAAAH 
AAAAUAU 
AAUAUAU 
AUAUAJDU 
UADAtJUU 
UUCAGAU 
CAGADAU 
UCAGAAU 
GAADCAU 
UUGAAGU 
GAAGUAU 
AAGUAUU 
AGOADUU 
GUAUUUU 
UUUUC CU 
GCAAAAU 
AADUGAU 
UUGADAU 
ADADACU 
UAEACUU 



A CDGCAGU 
C AGGCCUU 
U AAUUUOC 
A ADUUUCA 
U UUCAADA 
U UCAAHAU 
U CAADADA 
C AAUAUAA 
A UAADUUA 
A AUUUAAC 
U UAACUUC 
U AACUUCA 
A ACUDCAG 
tJ CAGAGGG 
C AGAGGGA 
A AAUADUU 
A UUUCAGG 
17 DCAGGCA 
U CAGGCAU 
C AGGCADA 
A CUGACAC 
U UGCCAGA 
U GCCAGAA 
A AAAUUCU* 
U CUUAAAA 
C UOAAAAU 
U AAAADAU 
A AAADADA 
A UAUUUCA 
A UUUCAGA 
U DCAGAUA 
IT CAGADAU 
C AGAUAUC 
A UCAGAACT 
C AGAAUCA 
C ADOGAAG 
U GAAGOAU 
A UUUUCCU 
U UUCCUCC 
IX UCCUCCA 
U CCUCCAG 
C CUCCAGG 
C CAGGCAA 
U GAUAQAC 
A UACUUUU 
A CUUUUUU 
U UUUUCUU 
U UUUOJUA 



684 

685 

686 

688' 

689 

691 

692 

693 

697 

698 

703 

704 

708 

715 

719 

720 

724 

725 

728 

731 

733 

734 

735 

745 

746 

752 

753 

757 

761 

762 

765 

767 

768 

769 

771 

772 

773 

778 

779 

783 

788 

789 

791 

794 

805 



UAjujuuu U UCUUAUU 
ACUUUUU 0 COUADUU 
CUUUUUU C UUAUUUA 
UUUUUCU U ADUUAAC 
UUUUCUU A UUUAACU 
UUCUUAU U UAACUUA 
UCUUADU U AACUUAA 
CUUAUUU A ACUUAAC 
UUUAACU U AACAUUC 
UUAACUU A ACAUUCU 
UUAACAtJ D CUGUAAA 
UAACAUU C UGUAAAA 
ADUCUGU A AAADGUC 
AAAADGU C UGUUAAC 
UGUCUGU XJ AACUUAA 
GUCUGUU A ACUUAAU 
GUUAACU U AAUAGUA 
UUAACUU A AUAGUAU 
ACUUAAU A GUAUUUA 
UAAUAGU A UUUAUGA 
AUAGUAU U UADGAAA 
UAGOAUU U AUGAAAU 
AGUAUUU A UGAAADG 
AAAUGGU U AAGAAUU 
AAUGGUU A AGAAUUU 
UAAGAAU U UGGUAAA 
AAGAAUU U GGUAAA0 
AUUUGGU A AAUUAGU 
GGUAAAU U A GUAUUU 
GCAAAUU A QJAUUUA 
AAUUAGU A UUUAUUU 
UUAGUAU U U AUUUA A 
UAGOAUU U AUUUAAD 
AGUAUUU A UUUAAUG 
UAUUUAU U UAAUGUU 
AUUUAUU U AAUGUUA 
UUUAUUU A AUGUUAU 
UUAAUGU U ADGUUGU 
UAAUGUU A UUJUGUG 
GUUAUGU U G UGUUCU 
GUUGUGU U CUAAUAA 
UUGUGUU C UAAUAAA 
GUGUUCU A AUAAAAC 
UUCUAAU A AAACAAA 
CAAAAAU A GACAACU 
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Table 12: Human IL-5 HH Ribozyme Sequences 



nt • HH Ribozyme Sequence 

Position 

8 GCAAAGA OJGAIX^AGGCCGAAAGGCCGAA AGDGCAU 

9 GGCAAAG CDGADGAGGCCGAAAGGCCGAA AAGCGCA 

10 DGGCAAA CDGADGAGGCCGAAAGGCCGAA AAAGCGC 

12 UDOGGCA CDGADGAGGCCGAAAGGCCGAA AGAAAGU 

13 CODOGGC CDGAD3AGGCCGAAAGGCCGAA AAGAAAG 

36 GCDCDGA CDGAIX3AGGCCGAAAGGCCGAA ACGUUCU 

37 GGCOCDG CDGADGAGGCCGAAAGGCCGAA AACGDUC 

38 OGGCOCU CDGADGAGGCCGAAAGGCCGAA AAACGOT 

56 AADGCAG CDGADGAGGCCGAAAGGCCGAA AGCADCC 

57 AAADGCA CDGACGAGGCCGAAAGGCCGAA AAGCAUC 

63 AAACDCA CDGADGAGGCCGAAAGGCCGAA ADGCAGA 

64 CAAACDC CDGADGAGGCCGAAAGGCCGAA AADGCAG 

69 GCDAGCA CDGADGAGGCCGAAAGGCCGAA ACDCAAA 

70 AGCUAGC CDGADGAGGCCGAAAGGCCGAA AACDCAA 
74 CAAGAGC CDGADGAGGCCGAAAGGCCGAA AGCAAAC 
78 GCDCCAA CDGADGAGGCCGAAAGGCCGAA AGCUAGC 
80 CAGCDCC CDGADGAGGCCGAAAGGCCGAA AGAGCUA 
91 ADACACG CDGADGAGGCCGAAAGGCCGAA AGGCAGC 
97 GADGGCA CDGADGAGGCCGAAAGGCCGAA ACACGDA 

104 CDGDG GG CDGADGAGGCCGAAAGGCCGAA ADGGCAU 

116 DDGUGGG CDGADGAGGCCGAAAGGCCGAA ADDDCOG 

117 cuuuu GG CDGADGAGGCCGAAAGGCCGAA AADOUCU 
130 DDDCACC CDGADGAGGCCGAAAGGCCGAA ADGCACU 
145 CAGDGCC CDGADGAGGCCGAAAGGCCGAA AGGDCDC 

155 GAGUAGA CDGADGAGGCCGAAAGGCCGAA AGCAGDG 

156 DGAGUAG CDGADGAGGCCGAAAGGCCGAA AAGCAGD 

157 ADGAGDA CDGADGAGGCCGAAAGGCCGAA AAAGCAG 
159 CGADGAG CDGADGAGGCCGAAAGGCCGAA AGAAAGC 
162 GUDCGAD CDGADGAGGCCGAAAGGCCGAA AGUAGAA 
165 AGAGOOC CDGADGAGGCCGAAAGGCCGAA ADGAGDA 
171 ADCAGCA CDGADGAGGCCGAAAGGCCGAA AGDDCGA 
179 CADOGGC CDGADGAGGCCGAAAGGCCGAA ADCAGCA 
192 ADCCDCA CDGADGAGGCCGAAAGGCCGAA AGOCDCA 

200 GAACAGG CDGADGAGGCCGAAAGGCCGAA ADCCDCA 

201 GGAACAG CDGADGAGGCCGAAAGGCCGAA AADCCDC 

206 GDACAGG CDGADGAGGCCGAAAGGCCGAA ACAGGAA 

207 DGUACAG CDGADGAGGCCGAAAGGCCGAA AACAGGA 
212 UUDUATO CDGADGAGGCCGAAAGGCCGAA ACAGGAA 
216 UGADUDD CDGADGAGGCCGAAAGGCCGAA ADGDACA 
222 AGDDGGD CDGADGAGGCCGAAAGGCCGAA ADDDDUA 
245 CCDGAAA CDGADGAGGCCGAAAGGCCGAA AU UU OJU 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



217 



PCT/IB95/00156 



247 UCCCUGA CUGAUGAGGCCGAAAGGCCGAA AGAUUUC 

248 UUCCCUG CUGAUGAGGCCGAAAGGCCGAA AAGADUU 

249 AUUCCCU CUGAUGAGGCCGAAAGGCCGAA AAAGAUU 
257 GUGUGCC CUGATOAGGCCGAAAGGCCGAA AUUCCCD 
273 ACAGUUU CUGAUGAGGCCGAAAGGCCGAA ACUCUCC 
291 UCCACAG CUGAUGAGGCCGAAAGGCOGAA ACCCCCU 
305 UUUUGAA CUGAUGAGGCCGAAAGGCCGAA AGUCUUU 

307 GUUUUUG CUGAUGAGGCCGAAAGGCCGAA AUAGUCU 

308 AGUUUUU CUGAUGAGGCCGAAAGGCCGAA AAUAGUC 
316 UAAGGAC CUGAUGAGGCCGAAAGGCCGAA AGUUUUU 
319 UAUUA AG CUGAUGAGGCCGAAAGGCCGAA ACAAGUU 

322 CUUUAUU CUGAUGAGGCCGAAAGGCCGAA AGGACAA 

323 UCUUUAU CUGAUGAGGCCGAAAGGCCGAA AAGGACA 
326 AUUUCUU CUGAUGAGGCCGAAAGGCCGAA AUUAAGG 
334 GUCAADG CUGAUGAGGCCGAAAGGCCGAA AUUUCUU 
338 GGCCGUC CUGAUGAGGCCGAAAGGCCGAA ADGUAUU 
380 ADUGGUU CUGAUGAGGCCGAAAGGCCGAA ACUCUCC 

388 GUCUAGG CUGAUGAGGCCGAAAGGCCGAA AUUGGUU 

389 AGUCOAG CUGAUGAGGCCGAAAGGCCGAA AAUUGGU 
392 GGUAGUC CUGAUGAGGCCGAAAGGCCGAA AGGAADU 
397 UUGCAGG CUGAUGAGGCCGAAAGGCCGAA AGUCUAG 

409 ACCAAGA CUGAUGAGGCCGAAAGGCCGAA ACUCUUG 

410 CACCAAG CUGAUGAGGCCGAAAGGCCGAA AACUCUU 

411 ACACCAA CUGAUGAGGCCGAAAGGCCGAA AAACUCU 
413 UUACACC CUGAUGAGGCCGAAAGGCCGAA AGAAACU 
419 UGUUCAU CUGAUGAGGCCGAAAGGCCGAA ACACCAA 
437 UUUCUAU CUGAUGAGGCCGAAAGGCCGAA AUCCACU 
440 AACUUUC CUGAUGAGGCCGAAAGGCCGAA AUUAUCC 
447 UAGUCUC CUGAUGAGGCCGAAAGGCCGAA ACUUUCU > 
454 ACCAGUU CUGAUGAGGCCGAAAGGCCGAA AGUCUCA 

462 UGCAACA CUGAUGAGGCCGAAAGGCCGAA ACCAGUU 

463 CUGCAAC CUGAUGAGGCCGAAAGGCCGAA AACCAGU 
466 • UGGCUGC CUGAUGAGGCCGAAAGGCCGAA ACAAACC 

479 CCUCCAA CUGAUGAGGCCGAAAGGCCGAA AUCUUUG 

480 UCCUCCA CUGAUGAGGCCGAAAGGCCGAA AAUCUUU 

481 CUCCUCC CUGAUGAGGCCGAAAGGCCGAA AAAUCUU 

497 GCAGUAA CUGAUGAGGCCGAAAGGCCGAA AUGUCCU 

498 UGCAGUA CUGAUGAGGCCGAAAGGCCGAA AAUGUCC 

499 CUGCAGU OKSAUGAGGCCGAAAGGCCGAA AAAUGUC 

500 ACUGCAG CUGAUGAGGCCGAAAGGCCGAA AAAAUGU 
531 AAGGCCU CUGAUGAGGCCGAAAGGCCGAA ACUC U U U 

53 8 GAAAAUU CUGAUGAGGCCGAAAGGCCGAA AGGCCUG 

539 UGAAAAU CUGAUGAGGCCGAAAGGCCGAA AAGGCCU 

542 UAUUGAA CUGAUGAGGCCGAAAGGCCGAA AUUAAGG 

543 AUAUUGA CUGAUGAGGCCGAAAGGCCGAA AADUAAG 

544 UAUAUUG CUGAUGAGGCCGAAAGGCCGAA AAAUUAA 

545 UUAUAUU CUGAUGAGGCCGAAAGGCCGAA AAAAUUA 
549 UAAAUUA CUGAUGAGGCCGAAAGGCCGAA AUUGAAA 
551 GUUAAAO CUGAUGAGGCCGAAAGGCCGAA AUAUUGA 
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554 GAAGDDA CDGADGAGGCCGAAAGGCCGAA ADUADAU 

555 DGAAGDU OTGADGAGGCCGAAAGGCCGAA AADOADA 

556 CDGAAGD CDGADGAGGCCGAAAGGCCGAA AAADUAD 

560 CCCDCDG CDGADGAGGCCGAAAGGCCGAA AGDUAAA 

561 UCCCDCa CDGADGAGGCCGAAAGGCCGAA AAGDDAA 
573 AAAUADD CDGADGAGGCCGAAAGGCCGAA ACDDDCC 
577 CCDGAAA CDGADGAGGCCGAAAGGCCGAA AUODACD 

579 DGCCDGA CDGADGAGGCCGAAAGGCCGAA AOADDDA 

580 ADGCCDG CDGADGAGGCCGAAAGGCCGAA AADADDU 

581 DADGCCD CDGADGAGGCCGAAAGGCCGAA AAADADD 
588 GDGDCAG CDGADGAGGCCGAAAGGCCGAA ADGCCDG 

597 DCDGGCA CDGADGAGGCCGAAAGGCCGAA AGDGDCA 

598 UDCDGGC CDGADGAGGCCGAAAGGCCGAA AAGDGUC 
611 AGAADDD CDGADGAGGCCGAAAGGCCGAA ADGCDDD 

616 DDUOAAG CDGADGAGGCCGAAAGGCCGAA ADDDDAU 

617 AD OODAA CDGADGAGGCCGAAAGGCCGAA AADDDDA 

619 ADADDDD CDGADGAGGCCGAAAGGCCGAA AGAADDD 

620 UADADDD CDGADGAGGCCGAAAGGCCGAA AAGAADD 
625 DGAAADA CDGADGAGGCCGAAAGGCCGAA ADDDUAA 
627 DCDGAAA CDGADGAGGCCGAAAGGCCGAA ADADDDD 

629 UADCOGA CDGADGAGGCCGAAAGGCCGAA AUADADD 

630 ADADCOG CDGADGAGGCCGAAAGGCCGAA AADADAU 

631 GADADCD CDGADGAGGCCGAAAGGCCGAA AAADADA 
636 AEDCDGA CDGADGAGGCCGAAAGGCCGAA ADCDGAA 
638 DGADOCD CDGADGAGGCCGAAAGGCCGAA ADADCOG 
644 COOCAAD CDGADGAGGCCGAAAGGCCGAA ADDCDGA 
647 ADACDDC CDGADGAGGCCGAAAGGCCGAA ADGADDC 
653 AGGAAAA CDGADGAGGCCGAAAGGCCGAA ACDDCAA 

655 GGAGGAA CDGADGAGGCCGAAAGGCCGAA ADACDDC 

656 DGGAGGA CDGADGAGGCCGAAAGGCCGAA AADACDD 

657 CDGGAGG CDGADGAGGCCGAAAGGCCGAA AAADACD 

658 CCDGGAG CDGADGAGGCCGAAAGGCCGAA AAAADAC 
661 DDGCCDG CDGADGAGGCCGAAAGGCCGAA AGGAAAA 
672 GOAI1ADC CDGADGAGGCCGAAAGGCCGAA ADDDD3C 
676 AAAAGOA CDGADGAGGCCGAAAGGCCGAA ADCAADD 
678 AAAAAAG CDGADGAGGCCGAAAGGCCGAA ADADCAA 

681 AAGAAAA CDGADGAGGCCGAAAGGCCGAA AGDADAD 

682 UAAGAAA CDGADGAGGCCGAAAGGCCGAA AAGDADA 

683 ADAAGAA CDGADGAGGCCGAAAGGCCGAA AAAGDAU 

684 AADAAGA CDGADGAGGCCGAAAGGCCGAA AAAAGDA 

685 AAADAAG CDGADGAGGCCGAAAGGCCGAA AAAAAGU 

686 . UAAADAA OXaDGAGGCX»UUU^CXX3AA AAAAAAG 

688 GDOAAAD CDGADGAGGCCGAAAGGCCGAA AGAAAAA 

689 AGDUAAA CDGADGAGGCCGAAAGGCCGAA AAGAAAA 

691 UAAGOUA CDGADGAGGCCGAAAGGCCGAA ADAAGAA 

692 DDAAGOD CDGADGAGGCCGAAAGGCCGAA AADAAGA 
633 GDDAAGD CDGADGAGGCCGAAAGGCCGAA AAADAAG 

697 GAADGDD CDGADGAGGCCGAAAGGCCGAA AGDDAAA 

698 AGAADGD CDGADGAGGCCGAAAGGCCGAA AAGDDAA 
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OOOACAG OJGADGAGGCCGAAAGGCCGAA ADGUUAA 
OOOUACA CCGAOGACGCCGAAAGGCCGAA AAOGUUA 
GACADUU COGADGAGGCCGAAAGGCCGAA ACAGAAD 
GOUAACA COGADGAGGCCGAAAGGCCGAA ACADOOU 
CUAAGUU COGADGAGGCCGAAAGGCCGAA ACAGACA 
ADOAAGU COGADGAGGCCGAAAGGCCGAA AACAGAC 
UAOTAOU COGADGAGGCCGAAAGGCCGAA AGOOAAC 
AUACUA0 COGADGAGGCCGAAAGGCCGAA AAGUUAA 
OAAAOAC COGADGAGGCCGAAAGGCCGAA AUUAAGO 
OCAUAAA COGADGAGGCCGAAAGGCCGAA ACOA0UA 
^OQ^nA COGADGAGGCCGAAAGGCCGAA ADACUAD 
ADCOCAU CUGADGAGGCCGAAAGGCOGAA AADACOA 
CADOUCA COGADGAGGCCGAAAGGCCGAA AAADACO 
AADOCOO COGADGAGGCCGAAAGGCCGAA ACCADUU 
AAADOCU COGADGAGGCCGAAAGGCCGAA AACCADU 
PODAC CA COGADGAGGCCGAAAGGCCGAA ADOCUOA 
ADOOACC COGADGAGGCCGAAAGGCCGAA AADOCOU 
ACOAADa COGATOAGGCCGAAAGGCCGAA ACCAAAD 
AAADACD COGADGAGGCCGAAAGGCCGAA ADUUACC 
OAAADAC COGADGAGGCCGAAAGGCCGAA AAUOUAC 
AAADAAA COGADGAGGCCGAAAGGCCGAA ACUAADU 
raAAAOA COGADGAGGCCGAAAGGCCGAA ADACUAA 
AUUAAAU COGADGAGGCCGAAAGGCCGAA AADACOA 
CADUAAA COGADGAGGCCGAAAGGCCGAA AAADACU 
AACADUA COGADGAGGCCGAAAGGCCGAA ADAAADA 
EAACADU COGADGAGGCCGAAAGGCCGAA AADAAAD 
AOAACAD COGADGAGGCCGAAAGGCCGAA AAADAAA 
ACAACAD COGADGAGGCCGAAAGGCCGAA ACADDAA 
CACAACA COGADGAGGCCGAAAGGCCGAA AACADUA 
AGAACAC COGADGAGGCCGAAAGGCCGAA ACADAAC 
^AOOAG COGADGAGGCCGAAAGGCCGAA ACACAAC 
Ouuauua COGADGAGGCCGAAAGGCCGAA AACACAA 
UJUUUAO OXSADGAGGCCGAAAGGCCGAA AGAACAC 
O uuwuu COGADGAGGCCGAAAGGCCGAA ADUAGAA 
AGOOGOC COGADGAGGCCGAAAGGCCGAA ADOOOOG 
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Table 13: Mouse IL-5 HH Ribozyme Target Sequence 



nt . 


HH Target Sequence 


at . 


Position 




Position 


o 
o 


^■^SOi "T tf I m / ^ II IT % - 

OjCUUJU C LaJUULKJU. 


253 


11 




OCA 


■ 


V.UUCWUU U vrwligAAL? 


269 


JO 


tiAAgacu U CAGAGuC 


269 


JO 


GaAgAcu u cAgAGUc 


269 


J / 


AAgacfJU C AGAGuCA 


287 


%j 


ucacaGU c AuGAgaA 


301 


3o 


GGADGCU U CUGCAcU 


301 


37 


GADGCUu C UGCAcUU 


303 


do 


gADGcUU c uGcAeUU 


303 


DO 


CDGCAcU U GAGUgUu 


304 


U2 


UgAcucU c aGcUGUG 


315 




GcUgUGU c uggGCCA . 


318 


112 


ugGAgAU tJ CCCAugA 


319 


113 


gGAgADU C CCAugAG 


322 


141 


GAGACCU 0 GaCACaG 


330 


141 


GAgACcU U GaCAcAg 


334 


158 


gUCcgCD C AcCGAgC 


334 


167 


cCGAgCU C UGuUGAc 


384 


196 


UGAGGcU U CCUGUcC 


385 


197 


GAGGcUU C CUGUcCC 


393 


197 


gAGGCuU c COGuCcC 


405 


202 


UUCCUGU c CCUacuC 


406 


202 


UUCCUGU c CcUAcuc 


409 


206 


UGUCccU a cuCaDAA 


481 


212 


UACUCAU a aAAaUCa 


482 


212 


UacuCAU A AAAAUCA 


483 


218 


UaaAaaU c aCcAGCU 


483 


218 


UAAAAAU C ACCAgCU 


495 


218 


uAAAAAU c acCAgCU 


553 


232 


uaUGCAU U GGaGAAA 


557 


241 


gAGAAAU C tJDUCAGG 


564 


241 


gAgAaAU c UUucAGG 


564 


241 


gagAAAU c UUUCAGG 


565 


241 


gAgAaAU c UUUCAGg 


565 


243 


gaAAucU U UCAGgGg 


569 


243 


GAAAUCU U UCAGGGg 


569 


244 


AAAUCUU U CAGGGgc 


613 


245 


AAUCUUU C AGGGgcU 


614 



HH Target Sequence 

AGGGgcU A GaCAuAC 
uagACAU a CUGaAgA 
GaAGAaU C AAACUGU 
GaAGAaU c AAaCugU 
GAAgaAU c aAAcUgU 
uGGGGGU A C U GUGGA 
AAAugCU A UUCcAAA 
AAAugCU a uUCCaaA 
AUGCuAU u CCaAaAc 
AugCUAU U CcAAAAC 
ugCUAUU C cAAAACc 
AACcUGU C aUUAAUA 
cCGUCaU U AAUAAAG 
CGUCaUU A AUAAAGA 
CaUUAAU A AAGAAAU 
AAGAAAU A CAUUGAC 
AAUACAU U GACcGCC 
AAUaCaU u GACcgCC 
AggCAgU U CCUgGAu 
ggCAgUU C CUgGAuU 
CUgGAuU A CCUGCAA 
CAAGAGU U cCUUGGU 
AAGAGUU c CUUGGUG 
AGUUcCU U GGUGUg A 
UcaCAAU u UAAgUUA 
cAcAAUU U AAgUUaA 
AcAAUUU A AgUUaAa 
AcAAUuU a aGUUAAa 
AAAUUgU c AAcAgAU 
GCUGuuU c CaUuUAU 
UuUcCAU U UauaUUU 
UUauAuU u aUgUCCU 
UUAuaUU u AugUcCU 
uaUAUUU a ugUCCuG 
UAUAuUU a UgUCcUg 
UUuAUGU c cUGUaGU 
UUUAUGU c cUGUagU 
AAAGuGU u uaaCCUU 
AAgUGuU u aACcUUU 
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620 


UOAACcU u uDuGUAU 


1407 


793 


caAGgCU u UGuGcAU 


1407 


816 


CUGagUU a UACUCcc 


1410 


818 


GAguUAU a cUCCcuC 


1434 


825 


ACUcCcU c CccCTCA 


1434 


825 


aCUccCU c CcCcOCa 


1434 


839 


AuCcucU 0 cGUUGCA 


1435 


840 


uCcucDU c GUUGCAu 


1435 


863 


cAAgUAD U cCAGGCu 


1438 


864 


AAgUADU c CAGGCug 


1438 


864 


AAGUAUU c caggCug 


1439 


913 


gAaCUCU U GGucCaG 


1443 


ft ^ M 

917 


UcCuggO c CAGAuGG 


1447 


APT 

957 


UUagcAO c CUUUcUc 


1458 


960 


GCAuccU u OcUcCuA 


1458 


.960 


GcaUcCD u uCOCcOa 


1460 


962 


ADcCuuU c UCcUaGC 


1461 




gcccCGU u AgADAgA 


1463 


JO / 


aGaUGAU A cuuAADG 


1475 


a oa 


UGAuACU u AAugacU 


1479 


J.UvJU 


UGACuCU c UugCuGA 


1483 


1 A^^ 


CgggGCU U cCOgCDC 


1483 


1Uj4 


UCCOGcU C CUaUcuA 


1484 


lUo / 


UgcUCcU A UcUAACU * 


1487 


1039 


cUccuAU c UAACDDC 


1487 


1039 


cDCcOAU c UAACUUc 


1489 


1041 


CcOAUcU A ACOUcAa 


1489 


1051 


UUcAAuU U AAuAccC 


1489 


1148 


uGAcUUU u cUuaUGU 


1490 


1213 


GCUgGaU u DDGGAaa 


1490 


1213 


gcDGGAU u uUgGAAA 


1490 


1214 


cugGAUU U UGGAaaA 


1491 


1215 


ugGAUUU U GGAaaAG 


1491 


1234 


gGGACAU c tJccuDGC 


1491 


1236 


GACAUcU c cuUGCAG 


1491 


1275 


ugGGCCU XJ AcUUcUC 


1494 


1276 


gGGCCDU A cDUOTCc 


1502 


1 "3 OA 


CUUAcUU c UCcgDgO 


1502 


1298 


UgAACUU a AGAaGcA 


1507 


1 'SI A 
131Q 


gcAAAGO a aAuACcA 


1509 


1310 


GCAAAgU a aAUAcca 


1509 


1310 


GcaAAgU a AAEAccA 


1510 


1350 


AAAGCAU A AAADggU 


1510 


1358 


AAAUGGU TJ ggGAugU 


1510 


1370 


. UgUuaUU C AGgUADC 


1510 


1375 


UUCAGgU A UCAGggU 


1512 


1377 


CAGgUAU C AGggDCA 


1515 


1383 


UCAGggU C AcUGgAG 




1405 


cccCAgU U UACUcCA 
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cCAgUUU A CUcCAGg 
ccAgUUU a CUCCAGG 
gUUUaCU C CAGGaAA 
AUgCUUU U aUuUaAU 
aUgcUuU U AUUUAAu 
aUgcuUU u AuUUAAU 
UgCUUDU a UuDaAUU 
ugcOUUU a uUUAaUU 
UuUUAUU U AAuUcug 
uUUUAUU U AAUucUg 
UUUADUU A AUucUgU 
UUUaAuCJ c UGuaAGa 
AUUCUGU A AgAUGUu 
ugUUcaU a UUAUUUA 
ugUUcAU A uUAUUUA 
UucAEAU u AUUUAug 
UcADAuU A UUUAUGA 
AUAuUAU U UADGAug 
AuGgAUU c aGUAAgU 
AUUcaGU A AgUUAaU 
aGuAAGU u AAUAUUU 
aGUAAgU U AaUAUUU 
GUAAgUU A aOADUUA 
agUUAAU a UUuAnUA 
AgUUAaU A UGUAUUa 
UUAAUaU U uAuDAcA 
UUAAuAU u UADUaCA 
UUAaUAU U UABUacA 
UAADaUU u AuUAcAc 
UAaUAUU U AUuAcAc 
UAaUAUU U AUUacAc 
AADADOU a uuaCAcg 
AAUADuU a UuAcAcg 
AaUAUUU A UuAcAcG 
AaUAUUU A UUacAcG 
AUuOAUa a CAcgUAU 
cACGUaU A UaauAUu 
cAcgUAU a UAAUaUU 
AIIAIIAaU a UUcUaaU 
AUAAnAU U CUaAuAA 
atJaaUaU U CDAADAA 
UAAuAUU C UaAuAAa 
OAAuAUU C UaauAAA 
UAAuAuU c UaaUAAA 
UaaUaDU C UAAUAAA 
aUaUUCU A ADAAAgC 
TOCUAAU A AAgCAgA 
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Table 17 

Mouse relA HH Target sequence 

nt. Position HH Target Sequence nt Position HH Target Sequence 



is 

22 
26 
93 
94 
100 
. 103 
105 
106 
129 
138 
148 
151 
180 
181 
186 
204 
217 
239 
262 
268 
276 
301 
303 
310 
323 
326 
335 
349 
352 
375 
376 
378 
391 
409 
416 
417 
418 
433 
795 
796 
797 
798 
829 



AAUGGCU a 
aGCUCcU a 
CcUCcaU u 
GAnCUGU a 
AuCUGUU u 

uucccca c 

CCCUCAU C 
CUCADCU U 
UCAUCUU u 
CAGGCuD C 
GGgCCuU A 
UGGAGAU C 
AGADCAU c 
AUGCGaU U 
UGCGaUU C 
UUCCGCU A 
GGGCGCU C 
GCAGuAU u 
CACAGAU A 
CCACCAU C 
OCAAGAU C 
AAUGGCU A 
UuCGaAU C 
CGaADCU C 
CCCUGGU C 
GGcCCCU C 
uCCaCCU C 
CCGGCCU C 
AuGAaCU U 
AGaUcaU c 
GAUGGCU a 
AUGGucU C 
GGCUaCU A 
CUGAcCU C 
GCaGuAU C 
CCgCAGU a 
CAuAGcU U 
AuAGcUU C 
UGGGgAU C 
GGCUCCU U 
GCUCCUU U 
CUCCUUU u 

uccuuuu c 

UGGCCAT7 U 



caCaGgA 
cGUgGCG 
GcGgACa 
uCCCCUC 
CCCCUCA 
AUCUUuC 
UUUCCcu 
uCCcuCA 
CCcuCAG 
UGGgCCu 
UGUGGAG 
AUcGAaC 
GAaCAGC 
CCGCUAu 
CGCUAuA 
uAAaUGC 
aGCGGGC 
CCuGGCG 
CCACCAA 
AAGAUCA 
AAUGGCU 
CACAGGA 
UCCCUGG 
CCUGGUC 
ACCAAGG 
CUCcuga 
ACCGGCC 
AuCCaCA 
GUgGGgA 
GaAcAGc 
CUADGAG 
UccGgaG 
UGAGGCU 
UGCCCaG 
CAuAGcU 
UCCAuAg 
CCAGAAC 
CAGAACC 
CAGUGUG 
UUCuCAA 
UCuCAAG 
CuCAAGC 
UCAAGCU 
GUGUUCC 



467 
469 
473 
481 
501 
502 
508 
509 
512 
514 
534 
556 
561 
562 
585 
598 
613 
616 
617 
620 
623 
628 
630 
631 
638 
661 
657 
687 
700 
715 
717 
713 
721 
751 
759 
761 
762 
763 
792 
1167 
1163 
1169 
1182 
U83 



cCAGGOJ c 
AaGCcAU u 
UuUgAGU C 
AGCGaAU C 
AACCCCU U 
ACCCCUU u 
UuCAcGU U 
uCAcGUU C 
cGUUCCU A 
UUCCUAU A 
GGGGACU A 
UGCGcCU C 
CUCUGCU U 
UCUGCUU C 
aAgCCAU u 
GGCCCCU C 
CcCCUGU C 
CUGUCCU c 

gucccuu c 
ccuuccu c 

UCCUgcU u 
AUCCgAU u 
CCgAUuU U 
CgAUuUU U 
UGgCcAU u 
CCGAGCU C 
UCAAGAU C 
CGgAACU C 
GCUGCCU C 
AUGAGAU C 
GAGAUCU U 
AGADCUU C 
UucUCCU c 
AaGACAU U 
GAGGUGU A 
GGUGUAU U 
GUGUAUU U 
UGUAUUU C 
• CGAGGCU C 
GAUGAGU U 
AUGAGUU U 
UGAGUUU u 
AUGcUGU U 
UGcUGUU a 



cuguUCg 
AGcCAGC 
AGauCAg 
CAGACCA 
UCAcGUU 
CAcGUUC 
CCUADAG 
CUAUAGA 
UAGAgGA 
GAgGAGC 
uGACuUG 
UGCUUCC 
CCAGGUG 
CAGGUGA 
AGcCAGc 
CuCCUGa 
CUcuCaC 
uCaCAUC 
CUCAgCC 
AgCCaug 
CCACCUc 
UUUGAuA 
UGAuAAc 
GAuAAcC 
GCGuuCC 
AAGAUCU 
UGCCGAG 
UGGgAGC 
GGCGGGG 
UUCuUgC 
CuUgCUG 
uUgCUGU 
CauUGcG 
GAGGUGU 
UUUCACG 
UCACGGG 
CACGGGA 
ACGGGAC 
CUUUUCu 
UuCCcCC 
uCCcCCA 
CCcCCAU 
aCCaUCa 
CCaUCaG 
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834 AUOGUGU 0 CCGGACu 

835 UDGDGOU C CGGACuC 
845 GACuCCU C CgOACGC 
849 CCUCCgQ A CGCcGAC 
872 cCAGGCU C COGUuCG 
883 OuCGaGCT C UCCADGC 
885 CGaGDCU C CABGCAG 

905 GCGGCCU U CuGAuCG 

906 CGGCCOa C uGAuCGc 
919 GcGAGCU C AGUGAGC 

936 ADGGAgU U CCAGUAC 

937 DGGAgOa C CAGOACu 
942 UUCCAGQ A QiOGCCA 
953 GCCucAU c CAcAuGA 
962 AGAuGAD C GcCACCG 
965 CagOacU u gCCaGAc 
973 ACCGGAU U GAaGAGA 
986 GAgACcU u cAAGagu 
996 AGGACcU A TOAGACC 

1005 GAGACCU U CAAGAGu 

1006 AGACCOU C AAGAGuA 
1015 AGAGuAU C ADGAAGA 
1028 GAAGAGO C COUUCAa 

1031 GAGOCCU U DCAauGG 

1032 AGUCCDU U CAauGGA 

1033 GUCCUUU C AauGGAC 
1058 CCGGCCU C CAaCcCG 
1064 UaCACCU u GAucCAa 
1072 GgCGuAQ U GCOGOGC 

1082 DGOGCCU a CCCGaAa 

1083 aaGCCOU C CCGaAGu 
1092 CGaAaCU C AaCOCCU 

1097 CUCAaCU U COGGCCC 

1098 UCAaCUU C UGOCCCC 
1102 CUUCUGU C CCCAAGC 
1125 CAGCCCU A caCCOUc 
1127 GCCaUAD" a gCcUUAC 
H31 cADCCCU c agCacCA 

1132 AcaCCDU c cCagCAU 

1133 UCCaUcU c CagQiUC 
1137 UOUACutJ u AgCgCgc 
11^0 cCagCAU C CCUcAGC 
H53 GCACCAU C AACUuUG 
1158 ADCAACU u UGADGAG 
1680 GAAGAOJ U CUCCUCC 
1^81 AAGACOU C UCCUCCA 
1683 GACUUCU C COCCADU 
l g 86 OOCDOCa C CAUOGCG 
1690 CCUCCAU U GCGGACA 



1184 

1187 

1188 

1198 

1209 

1215 

1229 

1237 

1250 

1266 

1279 

1281 

1286 

1309 

1315 

1318 

1331 

1334 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

1494 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 



GGccccU C 
GUccCuU c 
UUaCCaU C 
GGgAGuU u 
CAGcCCU a 
cuGGCCU U 
GGuCCCU u 
CCCAgcQ C 
CCAGcCU C 
CCCaGCU C 
CCADGGU c 
gOGGgca C 
ACJgAGua u 
CuCCUGU u 
cCCCAGU u 
CAGOuCU A 

gGGucca C 
cuuoaca c 
aogctcq c 

C03CAOT U 
tJGCAGUa u 
GGGGCCU U 
CCD0GCD U 
GgaGGGU U 
gaGDGUU C 
COGGCAU C 
CuOCgGU a 
GACAACU C 
UCaGAGU U 
CaGAGUU tJ 
aGAGDDU C 
gGuGCAU c 
ADGGAGU A 
TOAaGCU A 
AaGCUAU A 
OAnAACXJ C 
CDCuCCU A 
CCCAGCtJ C 
UCCOGCD u 
CGGGGCa u 
cDGaCCa C 
cuCUgCU U 
uCDgCUU c 
COCgcUU u 



CUcCDGa 
CUcaGCc 
aGGGCAG 
AGuCuGa 
caCCDDc 
aGCaCCG 
CCucAGc 
CUGCCCC 
CAGgCuC 
CuGCCcc 
cCuuCcu 
AGCUgcG 
UccCCCA 
CgAGUCu 
CUAaCCC 
aCCCCgG 
CcCAGuC 
AaGCDGa 
gGAaGCC 
UGADGcU 
GADGcDG 
GCDDGGC 
GGCAACA 
CACAGAC 
ACAGACC 
uGUgGAC 
GggAACU 
aGAGUUU 
UCAGCAG 
CAGCAGC 
AGCAGCa 
CCOGOGu 
CCCDGAa 
UAACUCG 
ACOCGCC 
GCCUgGU 
GaGAggG 
CUGCcCC 
CggOaGG 
CCCAADG 
ugccCAG 
cCAGGuG 
CAGGuGA 
cGGAGgU 
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1704 


AUGGACU 0 CUCuGCu 


1705 


OGGACOU C UCuGCuC 


1707 


GACUUCU C uGCuCDu 


1721 


uuUGAGU C AGADCAG 


1726 


GUCAGAU C AGCTUCCU 


1731 


AUCAGCU C CUAAGGu 


1734 


AGCUCCU A AGGuGcU 


1754 


CaGugCU C CCaAGAG 
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Table 18 

Human rel A HH Target Sequences 

nt. Position HH Target Sequence nt. Position 



IS 


AAUGGCU C GUCUGUA 


467 


22 


GGCUCGD C UGOAGUG 


469 


26 


CGUCOGO A GUGCAOG 


473 


93 


GAACUGU U CCCCCUC 


481 


94 


AACUGUU C CCCCUCA 


501 


100 


UCCCCCU C AUCUUCC 


502 


103 


CCCUCAU C UUCCCGG 


508 


105 


COCADCU XJ CCCGGCA 


509 


106 


UCATCUU C CCGGCAG 


512 


129 


CAGGCCU C OGGOCCC 


514 


xoo 


iAiUJU'uu A UGUGGAG 


534 




UGGAGAU C AUUGAGC 


556 




AGAUCAJJ u gagcagc 


561 


J.OU 


AuvsUjUJ u CCGCUaC 


562 


lol 


lAAAiuuu C CGCUACA 


585 


186 


UUCUGCU A CAAGUGC 


598 


204 


GGGCGCU C CGCGGGC 


613 


217 


GCAGCAU C CCAGGCG 


616 


239 


CACAGAU A CCACCAA 


617 


262 


CCACCAU C AAGADCA 


* 620 


268 


UCAAGAU C AADGGCU 


623 


276 


AAUGGCU A CACAGGA 


628 


301 


UGCGCAU C UCCCUGG 


630 


303 


CGCADCD C CCUGGUC 


631 


310 


CCCUGGU C ACCAAGG 


638 


323 


GGACCCa C CUCACCG 


661 


326 


CCCUCCU C ACCGGCC 


667 


335 


CCGGCCU C ACCCCCA 


687 


349 


ACGAGCD U GDAGGAA 


700 


352 


AGCUUGU A GGAAAG6 


715 


375 


GAUGGCU U COAOSAG 


717 


376 


ADGGCUU C UAUGAGG 


718 


378 


GGCUUCU A UGAGGCU 


721 


391 


CUGAGCD C UGCCCGG 


751 


409 


GCUGCAU C CACAGGU 


759 


416 


CCACAGU U UCCAGAA 


761 


417 


CACAGUU U CCAGAAC 


762 


418 


ACAGDUU C CAGAACC 


763 


433 


UGGGAAU C CAGUGUG 


792 


795 


GGCUCCU V UUOGCAA 


1167 


796 


GCUCCUU U UCGCAAG 


1168 


797 


CUCCUUU U CGCAAGC 


1169 


798 


UCCUUUa C GCAAGCU 


1182 


829 


UGGCCAD U GUGUUCC 


1183 


834 


AUUGUGU U CCGGACC 


1184 



HH Target Sequence 

GCAGGCU A UCAGUCA 
AGGCUAU C AGUCAGC 
UAUCAGU C AGCGCAU 
AGCGCAU C CAGACCA 
AACCCCU U CCAAGUU 
ACCCCUU C CAAGUGC 
UCCAAGU U CCUADAG 
CCAAGUU C CUADAGA 
AGOOCCU A UAGAAGA 
UUCCOA0 A GAAGAGC 
GGGGACU A CGACCUG 
CGCGGCU C UGCUUCC 
CUCOSCU U CCAGGUG 
UCUGCUU C CAGGUGA 
GACCCAU C AGGCAGG 
GGCCCCU C CGCCUGC 
CGCCGGU C CUUCCUC 
CUGUCCU U CCOCAUC 
UGUCCUU C CUCADCC 
CCUUCCU C AUCCCAU 
UCCUCAU C CCAUCUU 
ACCCCAU C UUUGACA 
CCCADCU U UGACAAU 
CCAUCUU U GACAADC 
OCACAAU C GUGCCCC 
CCGAGCU C AAGAUCU 
UCAAGAU C UGCCGAG 
CGAAACU C UGGCAGC 
GCTCCCU C GGUGGGG 
AUGAGAU C UUCCUAC 
GAGAUCU U CCUACUG 
AGAUCUU C CUACUGU 
ocrocca A CUGUGUG 
AGGACAU U GAGGUGU 
GAGGUGU A UUUCACG 
GGUGUAU U UCACGGG 
GUGUAUU U CACGGGA 
CGUAUUU C ACGGGAC 
CGAGGCU C CUUUUCG 
GACGAGU U UCCCACC 
AUGAGUU U CCCACCA 
UGAGUUU C CCACCAU 
AUGGUGU U UCCUUCU 
UGGUGUU U CCGUCUG 
GGUGUUU C CUUCUGG 
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835 

V? J J 




1187 


845 


GACCCCTT C* PfTIAfYV 


Ii no 

lloo 


849 




1 1 OO 

1198 


872 


ON— tt\JTO\— W V— LajOvjVJj 


1 1 AO 

1209 


883 




1215 


OOJ 


v-vjLKjUuu L. (-AUGCAG 


1229 


905 




1237 


906 




1250 


Q1 Q 




1268 




AUVaftoAAU U L-LJUjUAC 


1279 


937 




1281 


942 




1286 


953 




1309 


962 




1315 


965 




1318 


973 


APOGGATT TT f5Af«aPa 


1331 


986 


ftAAAm I A aary*fcr» 
utnA/iL.oU A AAlVbijAL. 


1334 


996 

J J SJ 


aLmALAU A UvaAVjACC 


1389 


1005 


taftkaflLAJJ U CAAGAGC 


1413 




C AAGAGCA 


1414 




AGAGCAX7 c augaaga 


1437 




GAAGAGU C CUUUCAG 


1441 


iuJl 


GAGuCCu U UCAGCGG 


1467 


1 039 


AGUCCUU U CAGCGGA 


1468 


1 033 


GUCCuUU C AGCGGAC 


1482 




CUVjCjCCU c caccucg 


1486 


1 064 


ucuftCCu C GACGCAU 


1494 




tALWiU U GCUGuGC 


1500 


"1 082 


UUULjCCU u CvJCGCAG 


1501 


1081 


wGCCUU C CCGCAGC 


1502 


1092 


CGwuSCU C AJurCUUcU 


1525 


1097 




1566 


1098 


1 \t ' &^OT TT T O TTPT VVWs 

uuttiUJU C UGUCCCC 


1577 


1102 


C CCCAAGC 


1579 


1125 




1583 


1127 


c UJUUUAC 


1588 


1 131 


UAUCCCU U UAGGUCA 


1622 


1 132 


Auuxuu U AGGUCAU 


1628 


1 173 


uwuuuuu A CGUCADC 


1648 


1 137 


UUUACGU C ADCCCUti 


1660 


1 1 dO 


ACGUCAU C CCuGAGC 


1663 


1153 


VjwU-CaU C AACUADG 


1664 


1158 


AUCAACU A UGADGAG 


1665 . 


1680 


GAAGACU U COCCUCC 




1681 


AAGACUU C UCCDCCA 




1683 


GACUUCU C CUCCAUU 




1686 


UUCDCCU C CADUGCG 




1690 


CCUCCAU U GCGGACA 




1704 


ADGGACD U COCAGCC 





GtfUUCCU U CUGGGCA 
TOUCCUU C UGGGCAG 
GGCAGAU C AGCCAGG 
CAGGCCQ C GGCCDUG 
UCGGCCU U GGCCCCG 
GGCCCCD C CCCAAGU 
CCCAAGU C CDGCCCC 
CCAGGCU C CAGCCCC 
CCCUGOJ C CAGCCAU 
CCADGGU A UCAGCUC 
AUGGUAU C AGCDCTJG 
ADCAGCU C DGGCCCA 

ccccrca c ccagocc 

UCCCAGU C CDAGCCC 
CAGUCOJ A GCCCCAG 
AGGCCCa C COCAGGC 
CCCDCCa C AGGCDGU 
ACGCDGU C AGAGGCC 
CDGCAGU" U DGADGAD 
UGCAGUa U GADGADG 
GGGGCOJ U GCTOGGC 
CCUDGCU U GGCAACA 
GCOGUGU U CACAGAC 
CDGOGUU C ACAGACC 
CUGGCAD C CGUCGAC 
CAUCCGD C GACAAOJ 
GACAACU C CGAGUUU 
UCCGAOT U UCAGCAG 
CCGAGOT V CAGCAGC 
CGAGUUU C AGCAGCU 
AGGGCAU A CCOGTOG 
ADGGAGU A CCCUGAG 
UGAGGCU A UAACUCG 
AGGCUAU A ACDCGCC 
tIAUAACU C GCCUAGU 
CUCGCCU A GUGACAG 
CCCAGCU C CUGCUCC 
UCCTGOJ C CACUGGG 
CGGGGCU C CCCAAUG 
AUGGCCU C CDUUCAG 
GCCUCCU U UCAGGAG 
CCUCCUU U CAGGAGA 
CUCCUUU C AGGAGAU 
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1705 


UGGACUU C UCAGCCC 


1707 


GACUUCU C AGCCCDG 


1721 


GCDGAGO C AGADCAG 


1726 


GDCAGAU C AGCDCCU 


1731 


A0CAGCU C CUAAGGG 


1734 


AGCUCCU A AGGGGGU 


1754 


CUGCCCU C CCCAGAG 
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Table 19 

Mouse rel A HH flibozyme Sequences 

nt - HH Ribozyme Sequence 
Sequence 

19 UCCOGOG CUGAOGAGC^TCAAAGGCCGAA AGCCADU 

22 CACCACG COGADGAGGCCGAAAGGCCGAA AGGAGCU 

26 UGOCCGC COGADGAGGCCGAAAGGCCGAA ADGGAGG 

93 GAGGGGA COGADGAGGCOSAAAGGCCGAA ACAGAUC 

94 OGAGGGG COGAUGAGGCCGAAAGGCCGAA AACAGAO 
100 GAAAGAU CDGAUGAGGCCGAAAGGCCGAA AGGGGAA 
103 AGGGAAA CUGADGAGGCCGAAAGGCCGAA AOGAGGG 

105 OGAGGGA CUGADGAGGCCGAAAGGCCGAA AGADGAG 

106 CDGAGGG CUGADGAGGCCGAAAGGCCGAA AAGADGA 
129 AGGCCCA CUGADGAGGCCGAAAGGCCGAA AAGCCDG 
138 CPCCACA COGADGAGGCCGAAAGGCCGAA AAGGCCC 
148 GOTCGAD CDGAUGAGGCCGAAAGGCCGAA ADCDCCA 
151 GCCGOOC CUGADGAGGCCGAAAGGCCGAA ADGADCO 

180 ADAGCGG CUGADGAGGCCGAAAGGCCGAA ADCGCAD 

181 UADAGCG CDGADGAGGCCGAAAGGCCGAA AADCGCA 
186 GCADDDA CDGADGAGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCU CDGADGAGGCCGAAAGGCCGAA. AGCGCCC 
217 CGCCAGG COGADGAGGCCGAAAGGCCGAA AOACOGC 
239 UOGGUGG CDGADGAGGCCGAAAGGCCGAA ADCDGDG 
262 OGAOCOU CDGADGAGGCCGAAAGGCCGAA ADGGDGG 
268 AGCCADU CDGADGAGGCCGAAAGGCCGAA ADCDOGA 
276 DCCDGUG CDGADGAGGCCGAAAGGCCGAA AGCCADU 
301 CCAGGGA CDGAUGAGGCCGAAAGGCCGAA ADDCGAA 
303 GACCAGG CDGADGAGGCCGAAAGGCCGAA AGAUDCG 
310 CCOUGGU CDGADGAGGCCGAAAGGCCGAA ACCAGGG 
323 UCAGGAG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
326 GGCCGGU CDGADGAGGCCGAAAGGCCGAA AGGDGGA 
335 DGOGGAD COGADGAGGCCGAAAGGCCGAA AGGCCGG 
349 DCCCCAC COGADGAGGCCGAAAGGCCGAA AGDDCAD 
352 GCDGDDC CDGADGAGGCCGAAAGGCCGAA ADGAOCU 

375 CUCADAG CDGADGAGGCCGAAAGGCCGAA AGCCADC 

376 CUCCGGA CDGADGAGGCCGAAAGGCCGAA AGACCAD 
378 AGCCOCA CDGADGAGGCCGAAAGGCCGAA AGDAGCC 
391 CUGGGCA COGADGAGGCCGAAAGGCCGAA AGGOCAG 
409 AGCDADG CDGADGAGGCCGAAAGGCCGAA ADACOGC 

416 COADGGA COGADGAGGCCGAAAGGCCGAA ACDGCGG 

417 wucuuG CDGAUGAGGCCGAAAGGCCGAA AGCDADG 

418 GGCOCOG CUGADGAGGCCGAAAGGCCGAA AAGCUAU 
433 CACACDG COGAUGAGGCCGAAAGGCCGAA ADCCCCA 
467 CGAACAG COGADGAGGCCGAAAGGCCGAA AGCCDGG 
«9 GCDGGCO CDGADGAGGCCGAAAGGCCGAA ADGGCUU 
473 COGADCO COGADGAGGCCGAAAGGCCGAA ACDCAAA 
481 OGGDCDG CDGADGAGGCCGAAAGGCCGAA ADDCGCO 
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501 AACGUGA CUGAUGAGGCCGAAAGGCCGAA AGGGGUU 

502 GAACGUG OTGAUGAGGCCGAAAGGCCGAA AAGGGGU 

508 CUAOAGG Q3GAUGAGGCCGAAAGGCCGAA ACGUGAA 

509 UCUAUAG CUGAUGAGGCCGAAAGGCCGAA AACGUGA 
512 UCCDCUA CUGAUGAGGCCGAAAGGCCGAA AGGAACG 
514 GCUCCUC CUGAUGAGGCCGAAAGGCCGAA ADAGGAA 
534 CAAGUCA CUGAIJGAGGCCGAAAGGCCGAA AGUCCCC 
556 GGAAGCA CUGAUGAGGCCGAAAGGCCGAA AGGCGCA 

561 CACCUGG CUGAUGAGGCCGAAAGGCCGAA AGCAGAG 

562 UCACCUG QJGAUGAGGCCGAAAGGCCGAA AAGCAGA 
585 GCUGGCU CUGAUGAGGCCGAAAGGCCGAA AUGGCUU 
598 UCAGGAG aXSAUGAGGCCGAAAGGCCGAA AGGGGCC 
613 GUGAGAG CUGAUGAGGCCGAAAGGCCGAA ACAGGGG 

616 GADGDGA CUGAUGAGGCCGAAAGGCCGAA AGGACAG 

617 GGCUGAG CUGAUGAGGCCGAAAGGCCGAA AAGGGAC 
620 CAUGGCU CUGAUGAGGCCGAAAGGCCGAA AGGAAGG 
623 GAGAUGG CUGAUGAGGCCGAAAGGCCGAA AGCAGGA 
628 . UADCAAA CUGAUGAGGCCGAAAGGCCGAA AUCGGAU 

630 GUUAUCA CUGAUGAGGCCGAAAGGCCGAA AAAUCGG 

631 GGUUAUC QX3AC3GAGGCCGAAAGGCCGAA AAAAUCG 
638 GGAACAC CUGAUGAGGCCGAAAGGCCGAA AUGGCCA 
661 AGAUCUU CUGAUGAGGCCGAAAGGCCGAA AGCUCGG 
667 CUCGGCA CUGAUGAGGCCGAAAGGCCGAA AUCUUGA 
687 GCUCCCA CUGAUGAGGCCGAAAGGCCGAA AGUUCCG 
700 CCCCACC CUGAUGAGGCCGAAAGGCCGAA AGGCAGC 
715 GCAAGAA CUGAUGAGGCCGAAAGGCCGAA AUCUCAU 

717 CAGCAAG CUGAUGAGGCCGAAAGGCCGAA AGAUCUC 

718 ACAGCAA CUGAUGAGGCCGAAAGGCCGAA AAGAUCU 
721 CGCAATO CUGAUGAGGCCGAAAGGCCGAA AGGAGAA 
751 ACACCUC CUGAUGAGGCCGAAAGGCCGAA AUGUCUU 
759 CGUGAAA CUGAUGAGGCCGAAAGGCCGAA ACACCUC 

761 gCCGUGA CUGAUGAGGCCGAAAGGCCGAA AUACACC 

762 UCCCGUG CUGAUGAGGCCGAAAGGCCGAA AAUACAC 

763 GUCCCGU CUGAUGAGGCCGAAAGGCCGAA AAAUACA 
792 AGAAAAG CUGAUGAGGCCGAAAGGCCGAA AGCCUCG 

795 UUGAGAA CUGAUGAGGCCGAAAGGCCGAA AGGAGCC 

796 CUUGAGA CUGAUGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCUUGAG CUGAUGAGGCCGAAAGGCCGAA AAAGGAG 

798 AGCUUGA CUGAUGAGGCCGAAAGGCCGAA AAAAGGA 
829 GGAACAC CUGAUGAGGCCGAAAGGCCGAA AUGGCCA 

834 AGUCCGG CUGAUGAGGCCGAAAGGCCGAA ACACAAU 

835 GAGUCCG COGAUGAGGCCGAAAGGCCGAA AACACAA 
845 GCGUACG CUGAUGAGGCCGAAAGGCCGAA AGGAGUC 
849 GUCGGCG CUGAUGAGGCCGAAAGGCCGAA ACGGAGG 
872 CGAACAG CUGAUGAGGCCGAAAGGCCGAA AGCCUGG 
883 GCAUGGA CUGAUGAGGCCGAAAGGCCGAA ACUCGAA 
885 CUGCAUG CUGAUGAGGCCGAAAGGCCGAA AGACUCG 

905 CGAUCAG CUGAUGAGGCCGAAAGGCCGAA AGGCCGC 

906 GCGAUCA CUGAUGAGGCCGAAAGGCCGAA AAGGCCG 
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919 GCUCACO CDGAOGAGGCCGAAAGGCOGAA AGCOCGC 

936 GUACOGG CDGADGAGGCCGAAAGGCCGAA ACUCCAU 

937 AGOACOG OJGADGAGGCCGAAAGGCCGAA AACOCCA 
942 OGGCAAG CUGADGAGGCCGAAAGGCCGAA ACOGGAA 
953 OCADGOG CUGADGAGGCCGAAAGGCCGAA ADGAGGC 
962 CGGOGGC CUGADGAGGCCGAAAGGCCGAA AOCAOCO 
965 GOCOGGC COGADGAGGCCGAAAGGCCGAA AGOACOG 
973 PCOCUUC CUGADGAGGCCGAAAGGCCGAA AUCCGGU 
986 ACOCOOG CUGADGAGGCCGAAAGGCCGAA AGGOCUC 
996 GGUCOCA CDGADGAGGCCGAAAGGCCGAA AGGOCCU 

1005 ACOCOOG CDGADGAGGCCGAAAGGCCGAA AGGOCUC 

1006 UACUCUU CGGADGAGOXGAAAGGCCGAA AAGGUCU 
1015 UCCOCAU CDGADGAGGCCGAAAGGCCGAA ADACDCD 
1028 DDGAAAG COGADGAGGCCGAAAGGCCGAA ACDCUDC 

1031 CCADDGA CDGADGAGGCCGAAAGGCCGAA AGGACDC 

1032 OCCAOOG CDGADGAGGCCGAAAGGCCGAA AAGGACD 

1033 GOCCAOU COGADGAGGCCGAAAGGCCGAA AAAGGAC 
1058 CGGGODG OX3AIX3AGGCCGAAAGGCCGAA AGGCCGG 
1064 UOGGADC CaGADGAGGCCGAAAGGCCGAA AGGDGDA 
1072 GCACAGC CUGADGAGGCCGAAAGGCCGAA ADACGCC 
1082 DOaCGGG CDGADGAGGCCGAAAGGCCGAA AGGCACA 
-083 ACODCGG CDGADGAGGCCGAAAGGCCGAA AAGGCDD 
-092 AGAAGOO OJGADGAGGCCGAAAGGCCGAA AGDDDCG 

1097 GGGACAG OJGAOGAGGCCGAAAGGCCGAA AGDDGAG 

1098 GGGGACA CDGADGAGGCCGAAAGGCCGAA AAGDDGA 
1102 GCDDGGG aJGADGAGGCCGAAAGGCCGAA ACAGAAG 
—25 GAAGGOG CDGADGAGGCOGAAAGGCCGAA AGGGCDG 

GUAAGGC CDGAOGAGGCCGAAAGGCCGAA ADADGGC 
^CGOGCO COGADGAGGCCGAAAGGCCGAA AGGGADG 
ACGCOGG COGADGAGGCCGAAAGGCCGAA AAGGOGD 
GAAGCUG CCGADSAC<2XGAAAGGCCGAA AGADGGA 
--37 GCGCGCD CDGADGAGGCCGAAAGGCCGAA AAGUAAA 

1140 GCOGAGG CDGADGAGGCCGAAAGGCCGAA ADGCOGG 

CAAAGDD CDGADGAGGCCGAAAGGCCGAA ADGGDGC 
CUCAUCA CUGADGAGGCCGAAAGGCCGAA AGDOGAU 
GGGGGAA CDGADGAGGCCGAAAGGCCGAA ACDCADC 
TOGGGGA CDGADGAGGCCGAAAGGCCGAA AACOCAD 
AOGGGGG CDGADGAGGCCGAAAGGCCGAA AAACDCA 



1125 
1127 
1131 
1132 
1133 



1153 
1158 
1167 
1168 
1169 



-182 DGADGGD CDGADGAGGCCGAAAGGCCGAA ACAGCAD 

-183 ( CDGADGG CUGADGAGGCCGAAAGGCCGAA AACAGCA 

1184 DCAGGAG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 

1-87 GGCDGAG COGADGAGGCCGAAAGGCCGAA AAGGGAC 

-188 CDGCCCD COGADGAGGCCGAAAGGCCGAA ADGGDAA 

-198 DCAGACD COGADGAGGCCGAAAGGCCGAA AACUCCC 
GAAGGOG CDGADGAGGCCGAAAGGCCGAA AGGGCDG 

1215 CGGDGCD CDGADGAGGCCGAAAGGCCGAA AGGCCAG 

-229 GCOGAGG CDGADGAGGCCGAAAGGCCGAA AGGGACC 

~ GGGGCAG CDGADGAGGCCGAAAGGCCGAA AGC0GGG 

-250 GAGCC0G COGADGAGGCCGAAAGGCCGAA AGGCOGG 
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1268 

1279 

1281 

1286 

1309 

1315 

1318 

1331 

1334 

1389 

1413 

1414 

1437 

1441 

1467 

1468 

1482 

1486 

14S4 

1500 

1501 

1502 

1525 

1566 

1577 

1579 

1583 

1588 

1622 

1628 

1648 

1660 

1663 

1664 

1665 

1680 

1681 

1683 

1686 

1690 

1704 

1705 

1707 

1721 

1726 

1731 

1734 

1754 



GGGGCAG 
AGGAAGG 
CGCAGCU 
DGGGGGA 
AGACOCG 
GGGUUAG 
CCGGGGU 
GACDGGG 
UCAGCTU 
GGCUUCC 
AGCAUCA 
CAGCADC 
GCCAAGC 
UGUDGCC 
GUCUGUG 
GGOCDGO 
GUCCACA 
AGUDCCC 
AAACDCU 
CDGCDGA 
GCDGCDG 
AGCDGCU 
ACACAGG 
UDCAGGG 
CGAGUUA 
GGCGAGU 
ACCAGGC 
CCCUCDC 
GGGGCAG 
CCDACCG 
CADUGGG 
CDGGGCA 
CACCUGG 
DCACCUG 
ACCDCCG 
GGAGGAG 
DGGAGGA 
AADGGAG 
CGCAADG 
UGOCCGC 
AGCAGAG 
GAGCAGA 
AAGAGCA 
CUGAUCU 
AGGAGCU 
ACCOUAG 
AGCACCU 
CUCUDGG 



CDGADGAGGCCGAAAGGCCGAA AGCDGGG 
CDGADGAGGCCGAAAGGCCGAA ACCADGG 
CDGADGAGGCCGAAAGGCCGAA AGCCCAC 
CUGADGAGGCCGAAAGGCCGAA AACUCAU 
CUGADGAGGCCGAAAGGCCGAA ACAGGAG 
CUGADGAGGCCGAAAGGCCGAA ACDGGGG 
CDGADGAGGCCGAAAGGCCGAA AGAACUG 
CDGADGAGGCCGAAAGGCCGAA AGGACCC 
CUGADGAGGCCGAAAGGCCGAA AGAAAAG 
CDGADGAGGCCGAAAGGCCGAA ACAGCGU 
CUGADGAGGCCGAAAGGCCGAA ACUGCAG 
CDGADGAGGCCGAAAGGCCGAA AACCGCA 
CUGADGAGGCCGAAAGGCCGAA AGGCCCC 
CUGADGAGGCCGAAAGGCCGAA AGCAAGG 
CUaAUtiAGGCCGAAAGGCCGAA ACACDCC 
CDGADGAGGCOGAAAGGCCGAA AACACUC 
C0GADG3U3GCO2AAAGGCCGAA ADGCCAG 
C0GAD ^^ ACCGAAG 
CDGADGAGGCCGAAAGGCCGAA AGUUGUC 
CUGAUGAGGCCGAAAGGCCGAA ACDCUGA 
CUGADGAGGCCGAAAGGCCGAA AACUCUG 
CUGADGAGGCCGAAAGGCCGAA AAACDCU 
CUGADGAGGCCGAAAGGCCGAA ADGCACC 
CUGADGAGGCCGAAAGGCCGAA ACUCCAU 
CUGADGAGGCCGAAAGGCCGAA AGCUUCA 
CDGADGAGGCCGAAAGGCCGAA ADAGCUU 
CUGADGAGGCCGAAAGGCCGAA AGUUAUA 
CUGADGAGGCCGAAAGGCCGAA AGGAGAG 
CUGADGAGGCCGAAAGGCCGAA AGCDGGG 
CUGADGAGGCCGAAAGGCCGAA AGCAGGA 
CUGADGAGGCCGAAAGGCCGAA AGCCCCG 
CUGADGAGGCCGAAAGGCCGAA AGGDCAG 
CUGADGAGGCCGAAAGGCCGAA AGCAGAG 
CDGADGAGGCCGAAAGGCCGAA AAGCAGA 
CUGADGAGGCCGAAAGGCCGAA AAGCGAG 
CUGADGAGGCCGAAAGGCCGAA AGDCODC 
CUGADGAGGCCGAAAGGCCGAA AAGDCDU 
CDGADGAGGCCGAAAGGCCGAA AGAAGDC 
CUGADacS ^^ AGGAGAA 
CUGADGAGGCCGAAAGGCCGAA ADGGAGG 
CUGADGAGGCCGAAAGGCCGAA AGDCCAU 
CUGADGAGGCCGAAAGGCCGAA AAGDCCA 
CTOADGAGGCCGAAAGGCCGAA AGAAGDC 
CUGADGAGGCCGAAAGGCCGAA ACDCAAA 
CUGADGAGGCCGAAAGGCCGAA AUCUGAC 
C0GADGAG ^^ AGCDGA0 
CUGADGAC ^^ AGGAGCD 
CUGADGAG ^^ AGCACDG 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



235 



PCT/IB95/00156 



Table 20 

Human rel A HH Ribozyme Sequences 

nt. Position HH Ribozyme Sequences 



19 OACAGAC COGADGAGGCCGAAAGGCCGAA AGCCADD 

22 CACOACA CDGADGAGGCCGAAAGGCCGAA ACGAGCC 

26 CGUGCAC CDGADGAGGCCGAAAGGCCGAA ACAGACG 

93 GAGGGGG CDGADGAGGCCGAAAGGCCGAA ACAGDOC 

94 OGAGGGG CDGADGAGGCCGAAAGGCCGAA AACAGDD 
100 GGAAGAD CDGADGAGGCCGAAAGGCCGAA AGGGGGA 
103 CCGGGAA CDGADGAGGCCGAAAGGCCGAA ADGAGGG 

105 OGCCGGG CDGADGAGGCCGAAAGGCCGAA AGADGAG 

106 CDGCCGG CDGADGAGGCCGAAAGGCCGAA AAGADGA 
129 GGGGCCA CDGADGAGGCCGAAAGGCCGAA AGGCCDG 
138 CDCCACA CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
148 GCDCAAD CDGADGAGGCCGAAAGGCCGAA ADCDCCA 
151 GCDGCDC CDGADGAGGCCGAAAGGCCGAA ADGADCD 

180 GDAGCGG CDGADGAGGCCGAAAGGCCGAA AGCGCAD 

181 DGDAGCG COGADGAGGCCGAAAGGCCGAA AAGCGCA 
186 GCACDDG CDGADGAGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCG CDGADGAGGCCGAAAGGCCGAA AGCGCCC 
217 CGCCOGG CDGADGAGGCCGAAAGGCCGAA ADGCDGC 
239 DDGGDGG CDGADGAGGCCGAAAGGCCGAA ADCDGDG 
262 DGADCDD COGADGAGGCCGAAAGGCCGAA ADGGDGG 
268 AGCCADD CDGADGAGGCCGAAAGGCCGAA ADCDDGA 
276 DCCDGDG CDGADGAGGCCGAAAGGCCGAA AGCCADD 
301 CCAGGGA CDGADGAGGCCGAAAGGCCGAA ADGCGCA 
303 GACCAGG CDGADGAGGCCGAAAGGCCGAA AGADGCG 
310 CCDDGGD COGADGAGGCCGAAAGGCCGAA ACCAGGG 
323 CGGDGAG COGADGAGGCCGAAAGGCCGAA AGGGOCC 
326 GGCCGGD COGADGAGGCCGAAAGGCCGAA AGGAGGG 
33S pgGGGGD COGADGAGGCCGAAAGGCCGAA AGGCCGG 
349 DOCCOAC CDGADGAGGCCGAAAGGCCGAA AGCOCGD 
352 CCDDOCC COGADGAGGCCGAAAGGCCGAA ACAAGCD 

375 COCADAG COGADGAGGCCGAAAGGCCGAA AGCCADC 

376 CCOCADA COGADGAGGCCGAAAGGCCGAA AAGCCAD 
378 ^CCUCA COGADGAGGCCGAAAGGCCGAA AGAAGCC 
391 CCGGGCA COGADGAGGCCGAAAGGCCGAA AGCDCAG 
409 AACOGOG COGADGAGGCCGAAAGGCCGAA ADGCAGC 

416 DOCDGGA COGADGAGGCCGAAAGGCCGAA ACOGDGG 

417 GOOCOGG COGADGAGGCCGAAAGGCCGAA AACOGOG 

418 GGDOCDG COGADGAGGCCGAAAGGCCGAA AAACDGD 
433 CACACDG CDGADGAGGCCGAAAGGCCGAA ADDCCCA 
467 DGACDGA CDGADGAGGCCGAAAGGCCGAA AGCCOGC 
469 GCOGACD CCGADGAGGCCGAAAGGCCGAA ADAGCCD 
473 ADGCGCD COGADGAGGCCGAAAGGCCGAA ACOGADA 
481 OGGOCDG CDGADGAGGCCGAAAGGCCGAA ADGCGCD 
501 AACDOGG CDGADGAGGCCGAAAGGCCGAA AGGGGDD 
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502 GAACDUG CUGAUGAGGCCGAAAGGOTGAA AAGGGGD 

508 CDAIIAGG CDGADGAGGCCGAAAGGCCGAA ACDDGGA 

509 DCOAUAG CDGADGAGGCCGAAAGGCCGAA AACDDGG 
512 UCUUCUA OJGADGAGGCCGAAAGGCCGAA AGGAACU 
514 GCDCODC CDGADGAGGCCGAAAGGCCGAA ADAGGAA 
534 CAGGDCG CDGADGAGGCCGAAAGGCCGAA AGOCCCC 
556 GGAAGCA CDGADGAGGCCGAAAGGCCGAA AGCCGCA 

561 CACCCGG CTGAUGAGGCCGAAAGGCCGAA AGCAGAG 

562 DCACCDG CDGADGAGGCCGAAAGGCCGAA AAGCAGA 
585 CCDGCCU CDGADGAGGCCGAAAGGCCGAA ADGGGDC 
598 GCAGGCG CDGADGAGGCCGAAAGGCCGAA AGGGGCC 
613 GAGGAAG CDGADGAGGCCGAAAGGCCGAA ACAGGCG 

616 GADGAGG CDGADGAGGCCGAAAGGCCGAA AGGACAG - 

617 GGADGAG CDGADGAGGCCGAAAGGCCGAA AAGGACA 
620 ADGGGAU CDGADGAGGCCGAAAGGCCGAA AGGAAGG 
623 AAGADGG CDGADGAGGCCGAAAGGCCGAA ADGAGGA 
628 UGUCAAA CDGADGAGGCCGAAAGGCCGAA ADGGGAD 

630 ADUGDCA CDGADGAGGCCGAAAGGCCGAA AGADGGG 

631 GADDGDC CDGADGAGGCCGAAAGGCCGAA AAGADGG 
638 GGGGCAC CDGADGAGGCCGAAAGGCCGAA ADDGUCA 
661 AGAUCDD CDGADGAGGCCGAAAGGCCGAA AGCOOGG 
667 CDCGGCA CDGADGAGGCCGAAAGGCCGAA ADCDDGA 
637 GCOGCCA CDGADGAGGCCGAAAGGCCGAA AGDDDCG 
700 CCCCACC CDGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GDAGGAA CDGADGAGGCCGAAAGGCCGAA ADCDCAD 

717 CAGDAGG CDGADGAGGCCGAAAGGCCGAA AGADCDC 

718 ACAGUAG CDGADGAGGCCGAAAGGCCGAA AAGADCD 
721 CACACAG CDGADGAGGCCGAAAGGCCGAA AGGAAGA 
751 ACACCDC CDGADGAGGCCGAAAGGCCGAA ADGDCCD 
759 CGDGAAA CDGADGAGGCCGAAAGGCCGAA ACACCDC 

761 CCCGDGA CDGADGAGGCCGAAAGGCCGAA AUACACC 

762 DCCCGDG CDGADGAGGCCGAAAGGCCGAA AADACAC 

763 GOCCCGO CDGADGAGGCCGAAAGGCCGAA AAADACA 
792 CGAAAAG CDGADGAGGCCGAAAGGCCGAA AGCCDCG 

795 DDGCGAA CDGADGAGGCCGAAAGGCCGAA AGGAGCC 

796 CDDGCGA CDGADGAGGCCGAAAGGCCGAA AAGGAGC 

797 GCDDGCG CDGADGAGGCCGAAAGGCCGAA AAAGGAG 

798 AGCODGC CDGADGAGGCCGAAAGGCCGAA AAAAGGA 
329 GGAACAC CDGADGAGGCCGAAAGGCCGAA ADGGCCA 

334 GGOCCGG CDGADGAGGCCGAAAGGCCGAA ACACAAU 

335 GGGOCCG CDGADGAGGCCGAAAGGCCGAA AACACAA 
345 GCGDAGG CDGADGAGGCCGAAAGGCCGAA AGGGGDC 
349 GOCDGCG CDGADGAGGCCGAAAGGCCGAA AGGGAGG 
372 CGCACAG CDGADGAGGCCGAAAGGCCGAA AGCCDGC 
883 GCADGGA CDGADGAGGCCGAAAGGCCGAA ACACGCA 
335 CDGCADG CCGADGAGGCCGAAAGGCCGAA AGACACG 
305 CGGDCGG CDGADGAGGCCGAAAGGCCGAA AGGCCGC 
906 CCGGDCG CDGADGAGGCCGAAAGGCCGAA AAGGCCG 
919 GCOCAOJ CDGADGAGGCCGAAAGGCCGAA AGCDCCC 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



237 



PCI7IB95/00156 



936 GUACUGG CUGAUGAGGCCGAAAGGCCGAA AUUCCAU 

937 GGUACDG OJGAEGAGGCCGAAAGGCCGAA AAUUCCA 
942 UGGCAGG OJGADGAGGCCGAAAGGCCGAA ACUGGAA 
953 UCGOCUG OJGADGAGGCCGAAAGGCCGAA AUCUGGC 
962 CGGUGAC CUGADGAGGCCGAAAGGCCGAA AUCGDCD 
965 AUCCGGU CUGADGAGGCCGAAAGGCCGAA ACGAUCG 
973 UCUCCUC CUGADGAGGCCGAAAGGCCGAA AUCCGGU 
986 GUCCUUU CUGAUGAGGCCGAAAGGCCGAA ACGUUUC 
996 GGUCUCA CUGADGAGGCCGAAAGGCCGAA ADGUCCU 

1005 GCUCUUG CUGADGAGGCCGAAAGGCCGAA AGGUCUC 

1006 UGCUCUU CUGADGAGGCCGAAAGGCCGAA AAGGUCU 
1015 UCUUCAU CUGADGAGGCCGAAAGGCCGAA ACGCUCU 
1028 CUGAAAG CUGADGAGGCCGAAAGGCCGAA ACUCUUC 

1031 CCGCUGA CUGADGAGGCCGAAAGGCCGAA AGGACUC 

1032 UCCGCDG CUGADGAGGCCGAAAGGCCGAA AAGGACU 

1033 GUCCGCU CUGADGAGGCCGAAAGGCCGAA AAAGGAC 
1058 CGAGGUG CUGADGAGGCCGAAAGGCCGAA AGGCCGG 
1064 ADGCGUC CUGADGAGGCCGAAAGGCCGAA AGGUGGA 
1072 GCACAGC CUGADGAGGCCGAAAGGCCGAA ADGCGUC 

1082 CUGCGGG CUGADGAGGCCGAAAGGCCGAA AGGCACA 

1083 GCUGCGG CUGAUGAGGCCGAAAGGCCGAA AAGGCAC 
1092 AGAAGCU CUGADGAGGCCGAAAGGCCGAA AGCUGCG 
1097. GGGACAG CUGAUGAGGCCGAAAGGCCGAA AGCUGAG 
1098 GGGGACA CUGADGAGGCCGAAAGGCCGAA AAGCDGA 
1102 GCUUGGG CUGADGAGGCCGAAAGGCCGAA ACAGAAG 
1125 AAAGGGA CUGADGAGGCCGAAAGGCCGAA AGGGCUG 
1127 GUAAAGG CUGAUGAGGCCGAAAGGCCGAA AUAGGGC 

1131 UGACGUA CUGADGAGGCCGAAAGGCCGAA AGGGADA 

1132 ADGACGU CUGADGAGGCCGAAAGGCCGAA AAGGGAD 

11 33 GADGACG CUGADGAGGCCGAAAGGCCGAA AAAGGGA 
1137 CAGGGAU CUGAUGAGGCCGAAAGGCCGAA ACGUAAA 
1140 GCUCAGG CUGADGAGGCCGAAAGGCCGAA ADGACGU 
U53 CADAGUU CUGAUGAGGCCGAAAGGCCGAA ADGGDGC 
1158 CUCADCA CUGADGAGGCCGAAAGGCCGAA AGUDGAU 

1167 GGUGGGA CUGADGAGGCCGAAAGGCCGAA ACUCADC 

1168 UGGUGGG CUGADGAGGCCGAAAGGCCGAA AACUCAU 

1169 ADGGUGG CUGADGAGGCCGAAAGGCCGAA AAACUCA 

1182 AGAAGGA OTGADGAGGCCGAAAGGCCC3UI ACACCAU 

118 3 CAGAAGG CUGADGAGGCCGAAAGGCCGAA AACACCA 
H84 CCAGAAG CUGAUGAGGCCGAAAGGCCGAA AAACACC 
H87 UGCCCAG CUGADGAGGCCGAAAGGCCGAA AGGAAAC 
1188 CDGCCCA CUGADGAGGCCGAAAGGCCGAA AAGGAAA 
1198 CCUGGCU CUGADGAGGCCGAAAGGCCGAA ADCDGCC 
1209 CAAGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCCUG 
1215 CGGGGCC CUGAUGAGGCCGAAAGGCCGAA AGGCCGA 
1229 ACUUGGG CUGADGAGGCCGAAAGGCCGAA AGGGGCC 
1237 GGGGCAG CUGAUGAGGCCGAAAGGCCGAA ACUUGGG 
1250 GGGGCUG CUGAUGAGGCCGAAAGGCCGAA AGCCUGG 
1268 ADGGCUG CUGADGAGGCCGAAAGGCCGAA AGCAGGG 
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1279 GAGCOGA COGADGAGGCCGAAAGGCCGAA ACCADGG 

1281 CAGAGCO COGADGAGGCCGAAAGGCCGAA ADACCAU 

1286 OGGGCCA COGADGAGGCCGAAAGGCCGAA AGCOGAU 

1309 GGACDGG COGADGAGGCCGAAAGGCCGAA ACAGGGG 

131S GGGCDAG COGADGAGGCCGAAAGGCCGAA ACOGGGA 

1318 CDGGGGC COGADGAGGCCGAAAGGCCGAA AGGACDG 

1331 GCCOGAG COGADGAGGCCGAAAGGCCGAA AGGGCOJ 

1334 ACAGCCU COGADGAGGCCGAAAGGCCGAA AGGAGGG 

.1389 GGCCOCU COGADGAGGCCGAAAGGCCGAA ACAGCGU 

1413 ADCADCA COGADGAGGCCGAAAGGCCGAA ACOGCAG 

1414 CADCADC COGADGAGGCCGAAAGGCCGAA AACDGCA 
1437 GCCAAGC COGADGAGGCCGAAAGGCCGAA AGGCCCC 
1441 DGODGCC COGADGAGGCCGAAAGGCCGAA AGCAAGG 

1467 GOCOGOG COGADGAGGCCGAAAGGCCGAA ACACAGC 

1468 GGOCCGO OTGADGAGGCCGAAAGGCCGAA AACACAG 
1482 GOCGACG COGADGAGGCCGAAAGGCCGAA ADGCCAG 
I486 AGOOGOC COGADGAGGCCGAAAGGCCGAA ACGGADG 
1494 AAACOCG COGADGAGGCCGAAAGGCCGAA AGOOGOC 

1500 COGCDGA CDGADGAGGCCCTAAGGCCGAA ACOCGGA 

1501 GCOGCOG COGADGAGGCCGAAAGGCCGAA AACOCGG 

1502 AGCOGCO COGADGAGGCCGAAAGGCCGAA AAACOCG 
1525 CCACAGG COGADGAGGCCGAAAGGCCGAA. ADGCCCO 
1566 COCAGGG COGADGAGGCCGAAAGGCCGAA ACOCCAD 
1577 CGAGOOA COGADGAGGCCGAAAGGCCGAA AGCCOCA 
1579 GGCGAGO COGADGAGGCCGAAAGGCCGAA ADAGCCO 
1583 ACOAGGC COGADGAGGCCGAAAGGCCGAA AGOOADA 
1588 COGOCAC COGADGAGGCCGAAAGGCCGAA AGGCGAG 
1622 GGAGCAG COGADGAGGCCGAAAGGCCGAA AGCOGGG 
1628 CCCAGOG COGADGAGGCCGAAAGGCCGAA AGCAGGA 
1648 CAOOGGG COGADGAGGCCGAAAGGCCGAA AGCCCCG 
1660 COGAAAG COGADGAGGCCGAAAGGCCGAA AGGCCAD 

1663 COCCOGA C0GAO3AGGCGGAAAGGCCGAA AGGAGGC 

1664 UCOCCOG COGADGAGGCCGAAAGGCCGAA AAGGAGG 

1665 ADCOCCO COGADGAGGCCGAAAGGCCGAA AAAGGAG 

1680 GGAGGAG OJGAOSAGGCCGAAAGGCCGAA AGOCOOC 

1681 OGGAGGA COGADGAGGCCGAAAGGCCGAA AAGDCOO 
1683 AADGGAG COGADGAGGCCGAAAGGCCGAA- AGAAGOC 
1686 CGCAADG COGADGAGGCCGAAAGGCCGAA AGGAGAA 
1690 OGOCCGC COGADGAGGCCGAAAGGCCGAA ADGGAGG 

1704 GGCOGAG COGADGAGGCCGAAAGGCCGAA AGOCCAO 

1705 GGGCOGA COGADGAGGCCGAAAGGCCGAA AAGOCCA 
1707 CAGGGOJ COGADGAGGCCGAAAGGCCGAA AGAAGOC 
1721 COGAOCO COGADGAGGCCGAAAGGCCGAA ACOCAGC 
1726 AGGAGCO COGADGAGGCCGAAAGGCCGAA ADCOGAC 
1 7 31 CCCOUAG COGADGAGGCCGAAAGGCCGAA AGCOGAD 
1734 ACCCCCO COGADGAGGCCGAAAGGCCGAA AGGAGCO 
1754 COCOGGG COGADGAGGCCGAAAGGCCGAA AGGGCAG 
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Table 23: Human TNF-a HH Ribozyme Target Sequence 



at . BE Target Sequence 
Position 

28 GGCAGGU U C O CU U CC 

29 GCAGGUU C DCUDCCU 
31 AGGUUCU C U U CCUCU 

33 GOUCUCO U CCUCUCA 

34 UUCUCUU C CUCUCAC 
37 UCUUCCU C UCACAUA 

39 uuccucu c acauacu 

44 CUCACAU A CUGACCC 

58 CACGGCU C CACCCUC 

65 CCACCCU C UCUCCCC 

67 ACCCUCO C UCCCCUG 

69 CCTJCUCU..C CCCDGGA 

106 GCAUGAU C CGGGACG 

136 AGGCGCU C CCCAAGA 

165 CAGGGCU C CAGGCGG 

177 CGGDGCU U GUUC OJC 

180 UGCUUGU U CCUCAGC 

181 GCUUGUU C CUCAGCC 
184 UGUUCCU C AGCCUCU 
190 DCAGCCU C UUCUCCU 

192 AGCCOCU U C PC C OUC 

193 GCCUCUU C UCCUUCC 
195 C0CU0C0 C CUUCCUG 

198 UUCUCCU U CCUGAUC 

199 UCUCCUU C CUGAECG 
205 UCCUGAU C GUGGCAG 
226 CCAOGCa C UUCOGCC 

228 ACGCUCU U C U GCCU G 

229 CGCUCUU C UGOCDGC 

243 CDGCACU U UGGAGUG 

244 UGCACUU U GGAGUGA 
253 GAGUGAU C GGCOCCC 
273 GAAGAGU C CCCCAGG 
286 GGGACCU C UCUCUAA 
288 GACCUCa C UCUAADC 
290 COJCUCU C UAAUCAG 
292 UCUCUCU A AUCAGCC 
295 CUCOAAU C AGCCCDC 
302 CAGCCCU C UGGCCCA 



at. HH Target Sequence 

Position 



321 GOCAGAD C AU C UU C U 

324 AGAUCAU C DCCCCGA 

326 AUCADCU U CCCGAAC 

327 UCAUCUU C DCGAACC 
329 AUCUUCU C GAACCCC 
352 AGCCUGU A GCCCAUG 
361 CCCAUGU U GUAGCAA 
364 AUGUUGU A GCAAACC 
374 AAACCCU C AAGCUGA 
391 GGCAGCU C CAGUGGC 
421 AUGCCCU C CUGGCCA 
449 GAGAGAU A ACCAGCU 
468 GUGCCAU C AGAGGGC 
480 GGCCUGU A CCUCAUC 
484 UGUACCU C AUCUACU 
487 ACCUCAU C UACUCCC 
489 CUCAUCU A CUCCCAG 
492 AUCUACU C CCAGGUC 
499 CCCACGU C CUCUUCA • 
502 AGGUCCU C UUCAAGG 

504 GUCCUCU U CAAGGGC 

505 UCCUCUU C AAGGGCC 
525 UGCCCCU C CACCCAU 
538 AUGUGCU C CDCAOCC 
541 UGCDCCU C ACCCACA 
553 ACACCAD C AGCCGCA 
562 GCCGCAU C GC QG UCU 
568 UCGCCGU C UCCDACC 
570 GCCGUCU C CUACCAG 
573 GUCUCCU A CCAGACC 
586 CCAAGGU C AACCUCC 
592 UCAACCU C CUCUCUG 
595 ACCUCCU C UCOGCCA 
597 CUCCUCU C UGCCAUC 
604 CUGCCAU C AAGAGCC 
657 CCCUGGU A UGAGCCC 
667 AGCCCAU C UAUCUGG 
669 CCCAUCU A UCUGGGA 
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684 

685 

709 

721 

725 

735 

737 

739 

744 

745 

753 

763 

765 

768 

769 

775 

778 

801 

808 

809 

820 

833 

837 

838 

839 

841 

842 

849 

852 

853 

863 

869 

871 

872 

878 

890 

898 

899 

904 

917 

918 

924 

925 

926 

945 

946 

959 
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CADCUAU 
GAGGGGU 
GGGGUCU 
GGGDCDU 
ACCGAOJ 
CUGAGAU 
GADCAAU 
CCCGACU 
CGACUAU 
ACUADCU 
CCCGACU 
UCGACUU 
GCCGAGU 
GGCAGGU 
CAGGUCU 
GUCUACU 
UCUACUU 
UUGGGAU 
GGAUCAU 
CGAACAU 
CCAACCU 
CAACCUU 
AACGCOJ 
CCCCAAD 
AAUCCCU 
ADCCCUU 
UCCCUUU 
CCUUUAU 
CUUUADU 
ACCCCCU 

cccocca 

CCUCCUU 
ACACCCU 
UCAACCU 
AACCUCU 

accucuu 

U CUGG C U 
AGAGAAU 
GGGGGCU 
GGGGCUU 
UUAGGGU 
CCAAGCU 
CAAGCUU 
UAGAACU 
AGAACOU 
GAACUUU 
CACCACU 
ACCACUU 
CUGGGAU 



C 
C 
U 
C 

c 

C 
C 
A 
C 

c 



UGGGAGG 
UUCCAGC 
CCAGCUG 
CAGCOGG 
AGCGGUG 
AADOGGC 
GGCCCGA 
UCUCGAC 
UCGACDU 
GACUUUG 
U UGCCGAG 
U GCCGAGU 
C UGGGCAG 
C UACUDUG 
A CUUDGGG 
0 UGGGADC 
U GGGADCA 
C AUUGCCC 
GCCCDGU 
CAACCUU 
CCCAAAC 
CCAAACG 
CCCOGCC 
CCUUUAU 
UADUACC 
U AUUACCC 
A UUACCCC 
U ACCCCCU 
A CCCCCUC 
C CDUCAGA 
U CAGACAC 
C AGACACC 
C AACCUCU 
C UDCDGGC 
U CUGGCOC 
C UGGCUCA 
C AAAAAGA 
tJ GGGGGCD 
U AGGGUCG 
A GGGUCGG 
C GGAACCC 
U AGAACOU 
A GAACUUU 
U UAAGCAA 
U AAGCAAC 
A AGCAACA 
U CGAAACC 
C GAAACCU 
U CAGGAAU 



960 
1001 
1007 
1008 
1021 
1029 
1040 
1046 
1047 
1051 
1060 
1067 
1085 
1086 
1090 
1091 
1113 
1124 
1129 
1135 
1151 
1152 
1158 
1159 
1162 
1164 
1166 
1174 
1175 . 
1176 
1183 
1184 
1187 
1208 
1224 
1228 
1230 
1232 
1233 
1234 
1238 
1239 
1245 
1251 
1252 
1254 
1255 
1256 
1258 



UGGGAUU 
AACCACU 
UAAGAAU 
AAGAAUU 
GGGGCCU 
CAGAACU 
GGGGCCU 
UACAGCU 



AGGAAUG 
AGAAUUC 
CAAACUG 
AAACOGG 
CAGAACU 
ACUGGGG 
CAGCUUU 
UGAUCCC 



ACAGCUU U GAUCCCU 
CUUUGAU C CCUGACA 
CUGACAU C UGGAAUC 
CUGGAAU C UGGAGAC 
GGAGCCU U CGGUUCU 
GAGCCUU U GGUUCUG 
CUUUGGU U CUGGCCA 
UUUGGUU C UGGCCAG 
CAGGACU U GAGAAGA 
AAGACCU C ACCUAGA 
CUCACCU A GAAADUG 
UAGAAAU U GACACAA 
UGGACCU U AGGCCUU 
GGACCUU A GGCCUUC 
UAGGCCU U CCUCUCU 
AGGCC UU C OJCUCUC 

ccuuccu c 
uuccucu c 

CCUCUCU c 
CAGAUGU U UCCAGAC 
AGADGUU U CCAGACU 
GAUGUUU C CAGACUU 
CCAGACU U CCUUGAG 
CAGACUU C CUUGAGA 
ACUUCCU U GAGACAC 
CAGCCCU C CCCAUGG 
GCCAGCU C CCUCUAU 
GCUCCCU C UAUUUAU 
UCCCUCU A UUUADGU 
CCUCUAU U UAOSUUU 
CUCUAUU U AUGUUUG 
UCUAUUU A CGUUUGC 
UUUADGU U UGCACUU 
UUADGUU U GCACUUG 
UUGCACU U GUGAUUA 
UUGOGAU U AUUUAUU 
UGUGAUU A UUUAUUA 
UGAUUAU U UAUUAUU 
GAUUAUU U AUUAUUU 
AUUADUU A UUADUUA 
UAUUUAU U AUUUAUU 



UCUCCAG 
UCCAGAU 
CAGAUGU 
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1259 


ADUUAUU A UUUAUUU 


1440 


1261 


UUADUAU U UAUUUAU 


1441 


1262 


UAUUAUU U ADUUAUU 


1446 


1263 


AUUAUUU A UUUAUUA 


1448 


1265 


UAUUUAU U UAUUAUU 


1449 


1266 


AUUUADU U AUUADUU 


1451 


1267 


UUUAUUU A UUAUUUA 


1456 


1269 


UAUUUAU U ADUUAUU 


1457 


1270 


ADUUAUU A UUUAUUU 


1461 


1272 


UUAUUAD U UAUUUAU 


1464 


1273 


UAUUAUU U ADUUAUU 


1466 


1274 


AUUADUU A UUUAUUU 


1479 


1276 


UAUUUAU U UAUUUAC 


1480 


1277 


ADUUAUU U ADUUACA 


1494 


1278 


UUUAUUU A UUUACAG 


— . _7 o 


1280 


UAUUUAU U UACAGAU 


1501 


1281 


ADUUAUU U ACAGADG 


1512 


1282 


UUUAUUU A CAGADGA 


1517 


1294 


UGAADGU A UUUAUUU 


1528 


1296 


AAUGUAU U UADUUGG 


1533 


1297 


ADGUAUU U ADUUGGG 


1537 


1298 


uuuaDUU A UUUGGGA 


1540 


1300 


UAUUUAU U UGGGAGA 


1546 


1301 


AUUUADU U GGGAGAC • 




1315 


CCGGGGU A UCCUGGG 




1317 


GGGGUAU C CUGGGGG 




1334 


CCAADGU A GGAGrnn 


-LOOO 


1345 


GCUGCCU u cx^rnpAr: 




1350 


CUUGGCU C AGACAEn 


JL3 / 0 


1359 


GACADGU U UUCCGTJG 


XD / / 


1360 






1361 


CAUGUUU U CCGTjnajV 




1362 


AUGUUUU C CGOGAAA 




1386 


GAACAAU A GGCDGnn 




1393 


AGGCUGU U CCCADGU 




1394 


GGCUGUU C rPATnii 




1401 


CCCADGU A GCCCCCTT 




1414 


CUGGCCU C OGOGCCTT 




1422 


UGOGcen u cuui Jt inn 




1423 


GUGCCUU C UUUUGATT 




1425 


GCCUUCU U UUGAL7UA 




1426 


CCUUCUU U UGAUUAU 




1427 


CUUCUUU U GAUUADG 




1431 


UUUUGAU U AUGUUUU 




1432 


UUUGAUU A UGUUUUU 




1436 


AUUAUGU tJ UUUUAAA 




1437 


UUAUGUU U UUUAAAA 




1438 


UAUGUUU U UUAAAAU 
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DGUUUUU U AAAAUAU 
GUUUUUU A AAAUAUU 
DUAAAAU A UUAUCUG 
AAAAUAU U AUCUGAU 
AAAUAUU A UCUGAUU 
AUAUUAU C UGAUUAA 
AUCUGAU U AAGUUGU 
UCUGAUU A AGUUGUC 
AUUAAGU U GUCUAAA 
AAGUUGU C UAAACAA 
GUUGUCU A AACAADG 
CGCUGAU U UGGUGAC 
GCCGAUU U GGCGACC 
CAACUGU C ACUCAUU 
CGUCACU C AUCGCUG 
CACUCAU U GCUGAGG 
GAGGCCU C UGCUCCC 
CUCUGCU C CCCAGGG 
AGGGAGU U GUGGCUG 
GUUGUGU C UGUAAUC 
DGOCUGU A AUCGGCC 
CUGUAAD C GGCCUAC 
UCGGCCU A CUAUUCA" 
GCCUACU A UUCAGUG 
CUACUAU U CAGUGGC 
UACUAUU C AGCGGCG 
GAGAAAU A AAGGUUG 
DAAAGGU U GCUUAGG 
GGUUGCU U AGGAAAG 
GUUGCUU A GGAAAGA 
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Table 24: H uman TNF-a Hammerhead Ribozyme Sequences 



at . EH Rlbozyme Sequence 

Position 

28 GGAAGAG CDGADGAGGCCGAAAGGCCGAA ACC O GCC 

29 AGGAAGA CDGADGAGGCCGAAAGGCCGAA AACCUGC 
31 AGAGGAA CDGADGAGGCCGAAAGGCCGAA AGAACCD 

33 UGAGAGG CDGADGAGGCCGAAAGGCCGAA AGAGAAC 

34 GOGAGAG CDGADGAGGCCGAAAGGCCGAA AAGAGAA 
37 UADGUGA CUGADGAGGCCGAAAGGCCGAA AGGAAGA 
39 AGUAUGU CD3ADSAGGCCGAAAGGCCGAA AGAGGAA 
44 GGGUCAG CUGADGAGGCCGAAAGGCCGAA ADGOGAG 
58 GAGGGUG COGADSAGGCCGAAAGGCCGAA AGCCGOG 
65 GGGGAGA CDGADGAGGCCGAAAGGCCGAA AGGGUGG 
67 CAGGGGA CUGADGAGGCCGAAAGGCCGAA AGAGGGU 
65 UCCAGGG CTGADGAGGCCGAAAGGCCGAA AGAGAGG 

106 CGOCCCG CUGADGAGGCCGAAAGGCCGAA ADCADGC 

136 UCUOGGG CDGADGAGGCCGAAAGGCCGAA AGCGCCU 

165 CCGCCDG CDGADGAGGCCGAAAGGCCGAA AGCCCDG 

177 GAGGAAC CDGADGAGGCCGAAAGGCCGAA AGCACCG 

130 GCDGAGG CDGADGAGGCCGAAAGGCCGAA ACAAGCA 

181 GGCDGAG CDGADGAGGCCGAAAGGCCGAA AACAAGC 

184 AGAGGCD CDGADGAGGCCGAAAGGCCGAA AGGAACA 

190 AGGAGAA CDGADGAGGCCGAAAGGCCGAA AGGCDGA 

1^2 GAAGGAG CDGADGAGGCCGAAAGGCCGAA AGAGGCD 

193 GGAAGGA CDGADGAGGCCGAAAGGCCGAA AAGAGGC 

195 CAGGAAG CDGADGAGGCCGAAAGGCCGAA AGAAGAG 

158 GADCAGG CDGADGAGGCCGAAAGGCCGAA AGGAGAA 

199 CGADCAG CDGADGAGGCCGAAAGGCCGAA AAGGAGA 

2 °5 COGCCAC COSADGAGGCCGAAAGGCCGAA ADCAGGA 

226 GGCAGAA CDGADGAGGCCGAAAGGCCGAA AGCGOGG 

228 CAGGCAG CDGADGAGGCCGAAAGGCCGAA AGAGCGD 

229 GCAGGCA CDGADGAGGCCGAAAGGCCGAA AAGAGCG 

243 CACDCCA CDGADGAGGCCGAAAGGCCGAA AGDGCAG 

244 UCACDCC CDGADGAGGCCGAAAGGCCGAA AAGDGCA 
253 GGGGGCC CDGADGAGGCCGAAAGGCCGAA ADCACDC 
273 CCDGGGG CDGADGAGGCCGAAAGGCCGAA ACDCDDC 
286 DDAGAGA CUGADGAGGCCGAAAGGCCGAA AGGDCCC 
288 GADUAGA CDGADGAGGCCGAAAGGCCGAA AGAGGUC 
290 CDGADUA CDGADGAGGCCGAAAGGCCGAA AGAGAGG 
292 GGCDGAU CDGADGAGGCCGAAAGGCCGAA AGAGAGA 
295 GAGGGCU CDGADGAGGCCGAAAGGCCGAA ADDAGAG 
302 UGGGCCA CDGADGAGGCCGAAAGGCCGAA AGGGCDG 
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321 AGAAGAD COGADGAGGCCGAAAGGCCGAA ADCOGAC 

324 UCGAGAA CDGAUGAGGCCGAAAGGCCGAA ADGAUCU 

326 GUUCGAG CUGADGAGGCCGAAAGGCCGAA AGADGAU 

327 GGUUCGA COGADGAGGCCGAAAGGCCGAA AAGAOGA 
329 GGGGUUC CUGADGAGGCCGAAAGGCCGAA AGAAGAU 
352 CADGGGC CUGADGAGGCCGAAAGGCCGAA ACAGGCU 
361 UDGCUAC CUGADGAGGCCGAAAGGCCGAA ACADGGG 
364 GGUUDGC CUGADGAGGCCGAAAGGCCGAA ACAACAU 
374 DCAGCUU* COGADGAGGCCGAAAGGCCGAA AGGGUCU 
391 GCCACUG CUGADGAGGCCGAAAGGCCGAA AGCUGCC 
421 DGGCCAG CUGADGAGGCCGAAAGGCCGAA AGGGCAU 
449 AGCUGGD CUGADGAGGCCGAAAGGCCGAA AUCUCDC 
468 GCCCUCD CUGADGAGGCCGAAAGGCCGAA AUGGCAC 
480 GAUGAGG CUGADGAGGCCGAAAGGCCGAA ACAGGCC 
484 AGDAGAD CUGADGAGGCCGAAAGGCCGAA AGGUACA 
487 GGGAGUA COGADGAGGCCGAAAGGCCGAA ADGAGGU 
489 CDGGGAG CUGADGAGGCCGAAAGGCCGAA AGADGAG 
492 GACCDGG CUGADGAGGCCGAAAGGCCGAA AGDAGAD 
499 DGAAGAG CUGADGAGGCCGAAAGGCCGAA ACCDGGG 
502 CCDDGAA COGADGAGGCCGAAAGGCCGAA AGGACCU 

504 GCCCUUG COGADGAGGCCGAAAGGCCGAA AGAGGAC 

505 GGCCCOD COGADGAGGCCGAAAGGCCGAA AAGAGGA 
525 ADGGGDG COGADGAGGCCGAAAGGCCGAA AGGGGCA 
538 GGGDGAG COGADGAGGCCGAAAGGCCGAA AGCACAD 
541 DGDGGGD COGADGAGGCCGAAAGGCCGAA AGGAGCA 
553 DGCGGCU COGADGAGGCCGAAAGGCCGAA ADGGUGU 

562 AGACGGC COGADGAGGCCGAAAGGCCGAA ADGCGGC 

563 GGOAGGA COGADGAGGCCGAAAGGCCGAA ACGGCGA 
570 CUGGUAG CUGADGAGGCCGAAAGGCCGAA AGACGGC 
573 GGOCDGG COGADGAGGCCGAAAGGCCGAA AGGAGAC 
586 GGAGGOO COGADGAGGCCGAAAGGCCGAA ACCODGG 
532 CAGAGAG COGADGAGGCCGAAAGGCCGAA AGGOUGA 
595 UGGCAGA COGADGAGGCCGAAAGGCCGAA AGGAGGD 
597 GADGGCA COGADGAGGCCGAAAGGCCGAA AGAGGAG 
604 GGCOCOU CUGADGAGGCCGAAAGGCCGAA ADGGCAG 
657 GGGCOCA COGADGAGGCCGAAAGGCCGAA ACCAGGG 
667 CCAGADA COGADGAGGCCGAAAGGCCGAA AOGGGCO 
669 DCCCAGA CUGADGAGGCCGAAAGGCCGAA AGADGGG 
671 CCOCCCA COGADGAGGCCGAAAGGCCGAA ADAGADG 
682 GCCGGAA COGADGAGGCCGAAAGGCCGAA ACCCCUC 

684 CAGCOGG CD3ADGAGGCQ3AAAGGCCGAA AGACCCC 

685 CCAGCOG COGADGAGGCCGAAAGGCCGAA AAGACCC 
709 CAGCGCD COGAD3AGGCCGAAAGGCCGAA AGUCGGD 
721 GCCGADU COGADGAGGCCGAAAGGCCGAA ADCUCAG 
725 DCGGGCC CUGADGAGGCCGAAAGGCCGAA ADDGADC 
735 GOCGAGA COGADGAGGCCGAAAGGCCGAA AGDCGGG 
737 AAGOCGA COGADGAGGCCGAAAGGCCGAA ADAGUCG 
739 CAAAGOC COGADGAGGCCGAAAGGCCGAA AGADAGD 
744 COCGGCA COGADGAGGCCGAAAGGCCGAA AGDCGAG 
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745 ACUCGGC COGADGAGGCGGAAAGGCCGAA AAGUCGA 

753 COGCCCA COGADGAGGCCGAAAGGCCGAA ACUCGGC 

763 CAAAGUA COGADGAGGCCGAAAGGCCGAA ACCOGCC 

• 765 CCCAAAG COGADGAGGCCGAAAGGCCGAA AGACCUG 

768 GADCCCA COGADGAGGCCGAAAGGCCGAA AGUAGAC 

769 OGADCCC CDGADGAGGCCGAAAGGCCGAA AAGUAGA 
775 GGGCAAU CDGADGAGGCCGAAAGGCCGAA AUCCCAA 
778 ACAGGGC CDGADGAGGCCGAAAGGCCGAA ADGADCC 
801 AAGGUDG CDGADGAGGCCGAAAGGCCGAA ADGUUCG 

808 GUUDGGG CDGADGAGGCCGAAAGGCCGAA AGGDDGG 

809 CGODDGG CDGADGAGGCCGAAAGGCCGAA AAGGUDG 
820 GGCAGGG CUGAD3AGGCCGAAAGGCCGAA AGGCGUU 
833 ADAAAGG OT3ADGAGGCCGAAAGGCCGAA ADCGGGG 

837 GGDAADA CDGADGAGGCCGAAAGGCCGAA AGGGADU 

838 GGGUAAD CDGADGAGGCCGAAAGGCCGAA AAGGGAU 

839 GGGGDAA CDGADGAGGCCGAAAGGCCGAA AAAGGGA 

841 AGGGGGD CDGADGAGGCCGAAAGGCCGAA ADAAAGG 

842 GAGGGGG CDGADGAGGCCGAAAGGCCGAA AADAAAG 
849 UCDGAAG CDGADGAGGCCGAAAGGCCGAA AGGGGGD 

852 GDGDCDG CDGADGAGGCCGAAAGGCCGAA AGGAGGG 

853 GGUGDCD CDGADGAGGCCGAAAGGCCGAA AAGGAGG 
863 AGAGGUU CDGADGAGGCCGAAAGGCCGAA AGGGDGU 
869 GCCAGAA COGADGAGGCCGAAAGGCCGAA AGGDUGA 

871 GAGCCAG COGADGAGGCCGAAAGGCCGAA AGAGGUU 

872 DGAGCCA COGADGAGGCCGAAAGGCCGAA AAGAGGU 
878 DCDDDDD CDGADGAGGCCGAAAGGCCGAA AGCCAGA 
890 AGCCCCC CDGADGAGGCCGAAAGGCCGAA ADUCUCU 

898 CGACCCU CDGADGAGGCCGAAAGGCCGAA AGCCCCC 

899 CCGACCC CDGADGAGGCCGAAAGGCCGAA AAGCCCC 
904 GGGDDCC CTGADGAGGCCGAAAGGCCGAA ACCCUAA 

917 AAGUOCU CDGADGAGGCCGAAAGGCCGAA AGCUUGG 

918 AAAGODC CDGADGAGGCCGAAAGGCCGAA AAGCUUG 

924 DDGCDDA COGADGAGGCCGAAAGGCCGAA AGUUCUA 

925 GDDGCDU COGADGAGGCCGAAAGGCCGAA AAGUUCU 

926 DGUDGCD CDGADGAGGCCGAAAGGCCGAA AAAGDDC 

945 GGUUUCG CDGADGAGGCCGAAAGGCCGAA AGDGGDG 

946 AGGDDDC CDGADGAGGCCGAAAGGCCGAA AAGUGGU 

959 ADDCCOG CDGADGAGGCCGAAAGGCCGAA ADCCCAG 

960 CADDCCU COGADGAGGCCGAAAGGCCGAA AADCCCA 
1001 GAADDCU COGADGAGGCCGAAAGGCCGAA AGUGGUU 

1007 CAGDDDG CDGADGAGGCCGAAAGGCCGAA ADDCDDA 

1008 CCAGDDU CDGADGAGGCCGAAAGGCCGAA AADDCUU 
1021 AGUUCDG CDGADGAGGCCGAAAGGCCGAA AGGCCCC 
1029 CCCCAGD COGADGAGGCCGAAAGGCCGAA AGDDCDG 
1040 AAAGCDG CTGADGAGGCCGAAAGGCCGAA AGGCCCC 

1046 GGGADCA CDGADGAGGCCGAAAGGCCGAA AGCUGUA 

1047 AGGGADC CDGADGAGGCCGAAAGGCCGAA AAGCUGU 
1051 OGOC^GG COGADGAGGCCGAAAGGCCGAA ADCAAAG 
1060 GADDCCA CDGADGAGGCCGAAAGGCCGAA ACGDCAG 
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1067 GUCUCCA G3GADGAGGCCGAAAGGCCGAA AUUCCAG 

1085 AGAACCA CUGADGAGGCCGAAAGGCCGAA AGGCUCC 

1086 CAGAACC CUGADGAGGCCGAAAGGCCGAA AAGGCUC 

1090 UGGCCAG CUGADGAGGCCGAAAGGCCGAA ACCAAAG 

1091 CUGGCCA CUGADGAGGCCGAAAGGCCGAA AACCAAA 
1113 UCUUCUC CUGACGAGGCCGAAAGGCCGAA AGUCCDG 
1124 UCUAGGU CUGADGAGGCCGAAAGGCCGAA AGGUCUU 
1129 CAADDUC CUGADGAGGCCGAAAGGCCGAA AGGUGAG 
1135 UUGUGUC CUGADGAGGCCGAAAGGCCGAA AUUUCDA 
1131 AAGGCCU CUGADGAGGCCGAAAGGCCGAA AGGDCCA 
1152 GAAGGCC CUGADGAGGCCGAAAGGCCGAA AAGGUCC 

1158 AGAGAGG CUGADGAGGCCGAAAGGCCGAA AGGCCUA 

1159 GAGAGAG CUGADGAGGCCGAAAGGCCGAA AAGGCCU 
1162 CUGGAGA CUGATCAGGCCGAAAGGCCGAA AGGAAGG 
1164 AOCUGGA CUGADGAGGCCGAAAGGCCGAA AGAGGAA 
1166 ACAUCUG CUGADGAGGCCGAAAGGCCGAA AGAGAGG 

1174 GUCUGGA CUGADGAGGCCGAAAGGCCGAA ACADCDG 

1175 AGUCUGG CUGADGAGGCCGAAAGGCCGAA AACADCU 
H76 AAGUCUG CUGADGAGGCCGAAAGGCCGAA AAACADC 

1183 CUCAAGG CUGADGAGGCCGAAAGGCCGAA AGUCUGG 

1184 UCUCAAG CUGAD3AGGCCGAAAGGCCGAA AAG U C UG 
1187 GUGUCUC CUGADGAGGCCGAAAGGCCGAA AGGAAGU 
1208 CCADGGG CUGADGAGGCCGAAAGGCCGAA AGGGCUG 
1224 ADAGAGG CUGADGAGGCCGAAAGGCCGAA AGCUGGC 
1228 AUAAAUA CUGADGAGGCCGAAAGGCCGAA AGGGAGC 
1230 ACADAAA CUGATOAGGCCGAAAGGCCGAA AGAGGGA 

1232 AAACAUA CUGADGAGGCCGAAAGGCCGAA ADAGAGG 

1233 CAAACAU CUGADGAGGCCGAAAGGCCGAA AADAGAG 

1234 GCAAACA CUGADGAGGCCGAAAGGCCGAA AAADAGA 

1238 AAGUGCA CUGADGAGGCCGAAAGGCCGAA ACADAAA 

1239 CAAGUGC CUGADGAGGCCGAAAGGCCGAA AACADAA 
1245 UAADCAC CUGADGAGGCCGAAAGGCCGAA AGUGCAA 

1251 AADAAAD CUGADGAGGCCGAAAGGCCGAA ADCACAA 

1252 UAADAAA CUGADGAGGCCGAAAGGCCGAA AADCACA 

1254 AADAAUA CUGADGAGGCCGAAAGGCCGAA AUAADCA 

1255 AAAUAAU COGADGAGGCCGAAAGGCCGAA AADAAUC 

1256 UAAADAA CUGADGAGGCCGAAAGGCCGAA AAAUAAU 

1258 AADAAAU CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1259 AAADAAA CUGADGAGGCCGAAAGGCCGAA AADAAAU 

1261 ADAAADA CUGADGAGGCCGAAAGGCCGAA ADAADAA 

1262 AADAAAU CUGADGAGGCCGAAAGGCCGAA AADAAUA 

1263 UAADAAA CUGAUGAGGCCGAAAGGCCGAA AAAUAAU 

1265 AADAAUA CUGADGAGGCCGAAAGGCCGAA AUAAAUA 

1266 AAAUAAU CUGADGAGGCCGAAAGGCCGAA AADAAAU 

1267 UAAADAA CUGAUGAGGCCGAAAGGCCGAA AAADAAA 

1269 AADAAAU CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1270 AAADAAA COGADGAGGCCGAAAGGCCGAA AADAAAD 

1272 AUAAAUA CUGAUGAGGCCGAAAGGCCGAA AUAAUAA 

1273 AADAAAU CUGADGAGGCCGAAAGGCCGAA AADAAUA 
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1274 AAAUAAA CUGADGAGGCCGAAAGGCCGAA AAADAAU 

1276 GUAAADA OTGADGAGGCCGAAAGGCCGAA AUAAAUA 

1277 UGOAAAU CDGATCAGGCCGAAAGGCXGAA AAUAAAU 

1278 CUGUAAA CUGAUGAGGCCGAAAGGCCGAA AAAUAAA 

1280 AUCUGUA CUGADGAGGCCGAAAGGCCGAA AUAAAUA 

1281 CAUCUGU OTGADGAGGCCGAAAGGCCGAA AADAAAU 

1282 UCAUCUG CUGADGAGGCCGAAAGGCCGAA AAAUAAA 
1294 AAAUAAA CUGAUGAGGCCGAAAGGCCGAA ACADUCA 

1296 CCAAAUA CUGADGAGGCCGAAAGGCCGAA AUACADU 

1297 CCCAAAU CUGADGAGGCCGAAAGGCCGAA AAUACAU 

1298 UCCCAAA CUGADGAGGCCGAAAGGCCGAA AAAUACA 

1300 UCDCCCA CUGADGAGGCCGAAAGGCCGAA AUAAAUA 

1301 GUCUCCC CUGADGAGGCCGAAAGGCCGAA AADAAAU 
1315 CCCAGGA CUGADGAGGCCGAAAGGCCGAA ACCCCGG 
1317 CCCCCAG CUGADGAGGCCGAAAGGCCGAA ADACCCC 
1334 CAGCUCC CUGADGAGGCCGAAAGGCCGAA ACADUGG 
1345 CUGAGCC CUGADGAGGCCGAAAGGCCGAA AGGCAGC 
1350 CAUGUCU CUGADGAGGCCGAAAGGCCGAA AGCCAAG 

1359 CACGGAA CUGADGAGGCCGAAAGGCCGAA ACADGUC 

1360 UCACGGA CUGADGAGGCCGAAAGGCCGAA AACADGU 

1361 UUCACGG CUGADGAGGCCGAAAGGCCGAA AAACADG 

1362 UUUCACG CUGADGAGGCCGAAAGGCCGAA AAAACAU 
1386 AACAGCC CUGADGAGGCCGAAAGGCCGAA AUUGUUC 

1393 ACADGGG CUGAUGAGGCCGAAAGGCCGAA ACAGCCU 

1394 UACADGG CUGAUGAGGCCGAAAGGCCGAA AACAGCC 
1401 AGGGGGC CUGADGAGGCCGAAAGGCCGAA ACADGGG 
1414 AGGCACA CUGAUGAGGCCGAAAGGCCGAA AGGCCAG 

1422 UCAAAAG CUGADGAGGCCGAAAGGCCGAA AGGCACA 

1423 AUCAAAA CUGADGAGGCCGAAAGGCCGAA AAGGCAC 

1425 UAAUCAA CUGADGAGGCCGAAAGGCCGAA AGAAGGC 

1426 AUAAUCA CUGADGAGGCCGAAAGGCCGAA AAGAAGG 

1427 CAUAADC CUGADGAGGCCGAAAGGCCGAA AAAGAAG 

1431 AAAACAU CUGADGAGGCCGAAAGGCCGAA ADCAAAA 

1432 AAAAACA CUGADGAGGCCGAAAGGCCGAA AADCAAA 

1436 UUUAAAA CUGAUGAGGCCGAAAGGCCGAA ACADAAU 

1437 UUUUAAA CUGADGAGGCCGAAAGGCCGAA AACAUAA 

1438 ADUUUAA CUGADGAGGCCGAAAGGCCGAA AAACADA 

1439 UADUUUA CUGADGAGGCCGAAAGGCCGAA AAAACAU 

1440 AUADUUU CUGADGAGGCCGAAAGGCCGAA AAAAACA 

1441 AAUADUU CUGADGAGGCCGAAAGGCCGAA AAAAAAC 
1446 CAGADAA CUGADGAGGCCGAAAGGCCGAA ADUUUAA 

1448 ADCAGAU CUGADGAGGCCGAAAGGCCGAA AUADUUU 

1449 AAUCAGA CUGADGAGGCCGAAAGGCCGAA AADAUUU 
1451 UUAADCA CUGAOSAGGCCGAAAGGCCGAA AUAADAU 

1456 ACAACUU CUGADGAGGCCGAAAGGCCGAA ADCAGAU 

1457 GACAACU CUGADGAGGCCGAAAGGCCGAA AAUCAGA 
1461 UUUAGAC CUGAUGAGGCCGAAAGGCCGAA ACUUAAU 
1464 UUGUUUA CUGAUGAGGCCGAAAGGCCGAA ACAACUU 
1466 CADUGUU CUGAUGAGGCCGAAAGGCCGAA AGACAAC 
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1479 GDCACCA CDGADGAGGCCGAAAGGCCGAA ADCAGCA 

1480 GGDCACC CDGADGAGGCCGAAAGGCCGAA AADCAGC 
1494 AADGAGD CDGADGAGGCCGAAAGGCCGAA ACAGDDG 
1498 CAGCAAD CDGADGAGGCCGAAAGGCCGAA AGDGACA 
1501 CCOCAGC CDGADGAGGCCGAAAGGCCGAA ADGAGDG 
1512 GGGAGCA CDGADGAGGCCGAAAGGCCGAA AGGCCDC 
1517 CCCOGGG CDGADGAGGCCGAAAGGCCGAA AGCAGAG 
1528 CAGACAC CDGADGAGGCCGAAAGGCCGAA ACDCCCD 
1533 GADDACA CDGADGAGGCCGAAAGGCCGAA ACACAAC 
1537 GGCCGAD CDGADGAGGCCGAAAGGCCGAA ACAGACA 
1540 GDAGGCC CDGADGAGGCCGAAAGGCCGAA ADUACAG 
1546 DGAADAG CDGADGAGGCCGAAAGGCCGAA AGGCCGA 
1549 CACDGAA CDGADGAGGCCGAAAGGCCGAA AGDAGGC 

1551 GCCACDG CDGADGAGGCCGAAAGGCCGAA ADAGDAG 

1552 CGCCACD CDGADGAGGCCGAAAGGCCGAA AADAGUA 
1566 CAACCDD CDGADGAGGCCGAAAGGCCGAA ADDDCDC 
1572 CCDAAGC CDGADGAGGCCGAAAGGCCGAA ACCDDDA 

1576 CDDDCCD CDGADGAGGCCGAAAGGCCGAA AGCAACC 

1577 DCDDDCC CDGADGAGGCCGAAAGGCCGAA AAGCAAC 
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Table 25: Mouse TNF-a HH Target Sequences 





HE Target Sequence 


at. 






Position 


66 


UgGAAAD a GcucCcA 


324 


101 


GGCAGGU U CUgUcCC 


347 


101 


GGCAGgU u CuGUccC 


364 


102 


GCAGGOU C DgUcCCU 


365 


102 


cCAGgOT c uaUDCCU 


366 

www 


106 


GUUCUgU c CCUuOCA 


369 


110 


OcrUcCCXJ u UCACucA 


376 


111 


qGCcCUD u CaCUCAC 


^ j \j 


111 


ouCCCutJ U CACuCAjC 




112 






116 


TTl i T It™" Zif '*i J O ^^*TTF2/wm» 
UUUwUwU ACUuyCC 


404 


137 


V* UU.CUUC 


40 o 


no 


CawVULU C UUUUCAg 


406 


177 




407 


207 


Aw^CoLU C CCuCAaA 


409 




GGGGCuU C CAGAACU 


409 


44 o 


vavjGGcuu c CAGaacu 


409 




CAGaacu C CAGGCGG 


432 


zoo 


CaGaACU c cAGgcGg 






GGugCCU a UgUCUcA 




*w 


GGuGOCU a UGucUCa 


444 






501 


2fi1 


ucaljCCu c uucuCau 


5.60 


261 


UCAgCCU C UUCUcau 


560 


263 




564 


263 


itgvuuvu u cucauuc 


567 


264 


v^a.uluu w ucauucc 


569 


264 


yv*wUV»UU Vm> UCaUUUC 


572 


266 


COCUUOJ C aOUCCOG 


572 


269 


TJOCOCaU U CCOGcUu 


572 


270 


UCUCaUU C CDGcUuG 


579 


276 


T3CC0GCU u GUGQCAG 


580 


297 


CCACGCU C UUCDGuC 


580 


299 


ACGCOCU U CUGuCUa 


582 


300 


CGCDCUU C UGuCOaC 


582 


304 


CDuCOgU c uAcDGaa 


584 


306 


UcUGUcU a cUgAAcU 


585 


314 


OTGaACO V cGGgGDG 


608 


315 


UGaACUO c GGgGUGA 


615 


315 


uGaaCUU c GGGguGa 


615 


324 


gGGUGaU c GgUOCcC 


618 



HH Target Sequence 



GgGUGAU C 
GAGAagU u 
CCUCcCU C 
UCcOTCU c 
UcCCCCD C 
COCUcAU C 
CAGuuCU a 
AgACCCU C 
ucaCActJ C 
CDCAGAU C 
AGADCAU C 
AXJCAUCU U 
AUcAUcU U 
UCAUCUU C 
ADCD0C0 C 
AuCuuOJ c 
aUcUUcU c 
AGCCDGU A 



GGuCCCC 

cCCAaaU 

UcADCAG 

AUCAGuu 

auCAGuU 

AGuuCOa 

DGGCCCA 

AcaCUcA 

AGADCAU 

AUCUUCU 

DUCDCaA 

CUCaAAa 

cUcaAAA 

UCaAAau 

aAAauuC 

AaAADDC 

AAAauUc 

GCCCAcG 



AcGUcGU A 
AcGCCCU C 
gGgUDGD a 
GGguDGU A 
UGUACCU u 
ACCDugU C 
CUugUCU A 
gUCOACU C 
GUCuaCU c 
GuCOacU C 
CCCAGGU u 
CCAGguU c 
CCaGGuU c 
AGGUUCU C 
AGGOUCa C 
GDuCUCD U 

Uucucua c 

CcCGattJ a 
aCgOGcU C 
AcGUGCU C 
UGCOCCU C 



GCAAACC 

COGGCCA 

CCUuguC 

CCUugTC 

gUCOACU 

UACUCCC 

CCOCCAG 

CCAGGUu 

CCAGguu 

CCAgGUu 

CUCUUCA 

uCUUcAa 

UCuUcaa 

UUCaagg 

UUCAAGG 

CAAGGGa 

AAGGGaC 

CgugCDC 

CUCAcCC 

CUCACCC 

ACCCACA 
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630 


ACACCgU C AGCCGau 


940 


630 


ACACCgU C AgCCgaU 


943 


638 


agcCgAU u uGCUaUc 


972 


643 


aUUUGcU a uCUcAuA 


972 


645 


UuGCuaU C UCaUACC 


973 


647 


GCuaUCU C aUACCAG 


984 


663 


agAAaGU C AACCUCC 


'984 


669 


DCAACCU C CUCUCCG 


985 


669 


UcAAccU c cUcUCUG 


997 


672 


ACCUCCU C DCDGCCg 


1010 


674 


CUCCUCU C UGCCgUC 


1017 


681 


cUGCCgU C AagaGcC 


1018 


681 


COGCCga C AAGAGCC 


1019 


681 


CUGcCgU C aaGAgcC 


1073 


734 


CCCUGGU A UGAGCCC 


1096 


734 


CccUGGU a ugaGCCc 


1106 


744 


AGCCCAU a UAcCUGG 


1107 


746 


CCCAUaU A cCDGGGA 


1108 


759 


GAgGAGU C uuCCAGc 


nig 


759 


GAGGaGU C UUCCAGC 


1133 


761 


GGaGUCU U CCAGCUG 


1164 


762 


GaGUCUU C CAGCUGG 


1180 


786 


ACCaACU C AGCGCUG 


1203 


798 


CUGAGgU C AADCuGC 


1210 


802 


GgUCAAU C uGCCCaA 


1211 


812 


CCCaAgU A cuUaGAC 


1214 


816 


AgUAeuU a GACUUUG 


1218 


821 


uUaGACU U UGCgGAG 


1213 


822 


UaGACUU U GCgGAGU 


1213 


830 


GCgGAGU C cGGGCAG 


1218 


840 


GGCAGGU C UACUUUG 


1219 


842 


CAGGUCU A CUUUGGa 


1219 


842 


CAGgucU a CUUugGA 


1226 


842 


cagGuCU a CUUUgGA 


1226 


845 


GUCUACU U UGGagUC 


1227 


846 


UCDACUU U GGagUCA 


1227 


852 


UUGGagU C ADUGCuC 


1228 


855 


GagUCAU U GCuCDGU 


1238 


887 


ABCCaUU c ucUACCC 


1262 


891 


AuucuCU a CCCaGCC 


1283 


905 


CCcCaCU C UgaCCCC 


1283 


905 


cCCCacU c UgACCCC 


1285 


905 


CcCCACU c uGAccCC 


1287 


914 


GAcCCcU U uacUCUG 


1287 


915 


ACCCCuU u acUCuGA 


1288 


919 


CUUUAcU c ugaCCcC 


1289 


928 


GACCcCU u UaUugUC 


1293 


928 


gAcCCCU U UAUUguC 


1293 


932 


CCUUUAU U guCuaCU 


1294 



GuCUACU c cUCAGaG 
UACUccU C AGaGcCc 
UCUaaCU u AgAAAGg 
ucUaaCU u AGAaAgG 
CUaACuU A GAAAggG 
AGgGgAU U auGGcuc 
AGGGgaU U aUGgCUc 
GGGGauU a uGGcUCa 
UcAGAgU c CAAcucu 
CuguGCU c AGAgCUU 
cAGAgCU U UcAaCAA 
AGAgCUU U cAaCAAC 
GAgCUUU c AaCAACu 
UgGGCCU c ucAUgCA 
AAGgAcU C AAAugGG 
aCGGGcU U uccGAAD 
TOGGcUU u ccGAAUu 
GGgCuUU c cGaaUUC 
CcGAAuU C ACUGGaG 
CGAAugU C CAuuCcU 
gagUGgU c AgGUUGc 
UcUgUcU c agaADGA 
aaGAuCU c AGGCCUU 
cAGGCCU U CCUacCU 
AGGCCUU C CUacCUu 
CCUUCCCJ a cCUUCAG 
CcuACcU u CaGACCu 
CCuaCCU U CAGACcu 
cCuACcU u cAgACCU 
CCUacCU u CAGAccU 
CuaCCUU C AGACcuu 
CuAcCUU c agACcUU 
CagACCU U uCCAgAC 
CAGAccU U UCCAGAC 
agACCUU u CCAgACu 
AGAccUU U CCAGACU 
GAccUUU C CAGACUc 
gACUCuU c CCUGAGG 
CAGCCuU C CuCAcaG 
CCCCccU C uaUUUAU 
cCcCCCU C UAUUUAU 
cCCCUCU A UUUAUaU 
CcuCUAU u UauAuUU 
CCUCUAU U UAUaUUU 
CUCUAUU 0 AUaUUUG 
UCUAUUU A UaUUUGC 
UUUAUaU U UGCACUU 
uUUaUaU u UGcAcUu 
UUAUaUU U GCACUUa 
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1300 


UUGCACU U aUuADUu 


1462 


1303 


CAcuUaU u AuUuADU 


1470 


1304 


acUuADU A UUUAUUA 


1472 


1306 


UuAUUAU U UADUADU 


1473 


1307 


uAUUADU U AUUAUUU 


1474 


1307 


UaUUaDU U AuuADuU 


1478 


1308 


ADUADDU A UUAUUUA 


1479 


1310 


UauUuAU U AUUUADU 


1479 


1310 


UAUUUAU U ADUUADU 


1484 


1310 


UADUUAU U AUUUAUU 


1498 


1311 


AUUUADU A UUUAUUU 


1511 


1311 


AUUUAUU A UUUAUUU 


1514 


1311 


AuuUADU A UaUauUU 


1516 


1313 


UUAUUAU U UAUUUAU 


1529 


1313 


UUAUUAU U UAUUUAU 


1529 


1313 


uUAUUAU u UauUUAu 


1530 


1314 


UAUUAUU U AUUUAUU 


1530 


1314 


UAUUAUU U AUUUAUU 


1563 


1315 


AUUAUUU A UUUAUUA 


1563 


1317 


UADUUAU U UAUUAUU 


1568 


1318 


AUUUADU U AUUAUUU 


1589 


1319 


UUUAUUU A UUAUUUA 


1S92 


1326 


AUUAUUU A UUUAUUU 


1617 


1328 


UADUUAU U UAUUUgC * 


1623 


1329 


AUUUADU U AUUUgCu 


1633 


1330 


UUUAUUU A UUUgCuu 


25 


1332 


DADUUAD U UgCuuAU 




1333 


AUUUAUU U gCuuAUG 




1337 


auUUGCU U AuGAAuG 




1338 


UUUGCUU A uGAAuGu 




1346 


UGAADGU A UUUAUUU 




1348 


AAUGUAU U UAUUUGG 




1349 


ADGUAUU XJ ADUUGGa 




1350 


UGUAUUU A UUUGGaA 




1352 


uAUuUAU u UGGaAGG 




1352 


UADUUAU U UGGaAGg 




1353 


AUUUAUU U GGaACgC 




1369 


GGGGUgU C CDGGaGG 




1398 


gCUguCU U cAGACAg 




1398 


GCUGuCU U cagaCAG 




1412 


GACAUGU U UUCuGUG 




1413 


ACADGUU U UCuGUGA 




1414 


CAUGUUU U CuGUGAA 




1415 


AUGUUUU C uGUGAAA 




1415 


AUGUUUU c UgugAaA 




1438 


gaGCUGU c CCCAccU 




1451 


CUGGCCU C UcUaCCU 




1453 


ggCCUCU C UaCCuUG 





aCCuUGU u GCCuCCU 
GccuCcU C UUUUGcU 
cuCcUCU U UUGcUUA 
uCcUCUU U UGcUUAU 
CcUCUUU U GcUUAUG 
UUUUGcU U AUGUUUa 
UUUGcUU a UGuuuAa 
UUUGcUU A UGUUUaa 
UUAUGUU U aaaAcAA 
AAAuauU U AUCUaAc 
AcccAaU U GUCUuAA 
cAaUUGU C UuAAuAA 
aUUGUCU u AAuAAcG 
CgcugAU u UGGuGAC 
cGCUGAU U UGGUGAC 
gCUGADU u gGUgacC 
GCUGAUU U GGUGACC 
UgaAcCU c UGcUDCC 
ugaaCCU C UGCUCCC 
CUCUGCU C CCCAcGG 
UGaCUGU A AUuGcCC 
CUGUAAU u GcCCUAC 
GAGAAAU A AAGaUcG 
UAAAGaU c GCUUAaa 
UUAaaaU a aaAAaCC 
AgGgaCU a gCCagGA 
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Table 26: Mouse TNF-a Hammerhead Ribozyme Sequences 



nt. Mouse EH RiJbozyme . Sequence 

Position 

25 OCCCGGC COGADGAGGCCGAAAGGCCGAA AGUCCCU 

66 UGGGAGC COGADGAGGCCGAAAGGCCGAA ADUUCCA 

101 GGGACAG COGADGAGGCCGAAAGGCCGAA ACCuGCC 

101 GGGACAG COGADGAGGCCGAAAGGCCGAA ACCOGCC 

102 AGGGACA CDGADGAGGCCGAAAGGCCGAA AACCOGC 
102 AGGGACA 03GAUGAGGCCGAAAGGCCGAA AACCOGC 
106 DGAAAGG COGADGAGGCCGAAAGGCCGAA ACAGAAC 

110 UGAGUGA C0GAU3AGGCCGAAAGGCCGAA AGGGACA 

111 GDGAGUG COGADGAGGCCGAAAGGCCGAA AAGGGAC 

111 G0GAG0G COGADGAGGCCGAAAGGCCGAA AAGGGAC 

112 AGOGAGU COGADGAGGCCGAAAGGCCGAA AAAGGGA 
Ho GGCCAGO COGADGAGGCCGAAAGGCCGAA AGUGAAA 
137 GGAGGGA COGADGAGGCCGAAAGGCCGAA ADGOGGC 
139 COGGAGG COGADGAGGCCGAAAGGCCGAA ACADGCG 
177 CGUCGCG CUGAUGAGGCCGAAAGGCCGAA ADCADGC 
207 OOOGGGG COGADGAGGCCGAAAGGCCGAA AG0GCCO 
228 AGUUCUG COGADGAGGCCGAAAGGCCGAA AAGCCCC 
228 AGOOCOG COGADGAGGCCGAAAGGCCGAA AAGCCCC 
236 CCGCCOG COGADGAGGCCGAAAGGCCGAA AGOOCOG 
236 CCGCCOG COGADGAGGCCGAAAGGCCGAA AGUUCUG 
249 UGAGACA COGADGAGGCCGAAAGGCCGAA AGGCACC 
249 CGAGACA COGADGAGGCCGAAAGGCCGAA AGGCACC 

261 ADGAGAA COGADGAGGCCGAAAGGCCGAA AGGCOGA 

261 ADGAGAA COGADGAGGCCGAAAGGCCGAA AGGCOGA 

263 GAAOGAG COGADGAGGCCGAAAGGCCGAA AGAGGCO 

263 GAADGAG COGADGAGGCCGAAAGGCCGAA AGAGGCO 

264 GGAAOGA COGADGAGGCCGAAAGGCCGAA AAGAGGC 
264 GGAAOGA COGADGAGGCCGAAAGGCCGAA AAGAGGC 
266 CAGGAAD COGADGAGGCCGAAAGGCCGAA AGAAGAG 

269 AAGCAGG CDGADGAGGCCGAAAGGCCGAA ADGAGAA 

270 CAAGCAG COGADGAGGCCGAAAGGCCGAA AADGAGA 
276 COGCCAC COGADGAGGCCGAAAGGCCGAA AGCAGGA 
297 GACAGAA COGADGAGGCCGAAAGGCCGAA AGOGOGG 

299 OAGACAG COGADGAGGCCGAAAGGCCGAA AGAGCGU 

300 GUAGACA COGADGAGGCCGAAAGGCCGAA AAGAGCG 
304 OOCAGOA COGADGAGGCCGAAAGGCCGAA ACAGAAG 
306 AGODCAG COGADGAGGCCGAAAGGCCGAA AGACAGA 

314 CACCCCG COGADGAGGCCGAAAGGCCGAA AGOOCAG 

315 OCACCCC COGADGAGGCCGAAAGGCCGAA AAGOOCA 
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315 UCACCCC CDGADGAGGCCGAAAGGCCGAA AAGUUCA 

324 GGGGACC CDGADGAGGCCGAAAGGCCGAA ADCACCC 

324 GGGGACC OTGADGAGGCCGAAAGGCCGAA ADCACCC 

347 AUDDGGG OTGADGAGGCCGAAAGGCCGAA ACUDCOC 

364 CUGADGA CDGAUGAGGCCGAAAGGCCGAA AGGGAGG 

366 AACUGAD CDGADGAGGCCGAAAGGCCGAA AGAGGGA 

366 AACUGAU CDGADGAGGCCGAAAGGCCGAA AGAGGGA 

369 UAGAACU CTJGADGAGGCCGAAAGGCCGAA ADGAGAG 

376 UGGGCCA CDGADGAGGCCGAAAGGCCGAA AGAACDG 

390 DGAGUGU CDGADGAGGCCGAAAGGCCGAA AGGGCOJ 

396 ADGADCU CDGADGAGGCCGAAAGGCCGAA AGUGGGA 

401 AGAAGAU CDGADGAGGCCGAAAGGCCGAA ADCUGAG 

404 DDGAGAA CDGADGAGGCCGAAAGGCCGAA ADGADCU 

406 UUUDGAG CDGADGAGGCCGAAAGGCCGAA AGADGAD 

406 UUUUGAG CDGADGAGGCCGAAAGGCCGAA AGADGAD 

407 AUUUUGA CDGADGAGGCCGAAAGGCCGAA AAGADGA 
409 GAADUUD CDGADGAGGCCGAAAGGCCGAA AGAAGAU 
409 GAADUUD CDGADGAGGCCGAAAGGCCGAA AGAAGAU 
409 GAAUUUU CDGADGAGGCCGAAAGGCCGAA AGAAGAU 
432 CGOGGGC CDGADGAGGCCGAAAGGCCGAA ACAGGCD 

444 GGUUUGC CDGADGAGGCCGAAAGGCCGAA ACGACGU 

501 CGGCCAG CDGADGAGGCCGAAAGGCCGAA AGGGCGU 

560 GACAAGG CDGADGAGGCCGAAAGGCCGAA ACAACCC 

560 GACAAGG CDGADGAGGCCGAAAGGCCGAA ACAACCC 

564 AGUAGAC CDGADGAGGCCGAAAGGCCGAA AGGUACA 

567 GGGAGUA CDGADGAGGCCGAAAGGCCGAA ACAAGGU 

569 CUGGGAG CDGADGAGGCCGAAAGGCCGAA AGACAAG 

572 AACCDGG CDGADGAGGCCGAAAGGCCGAA AGUAGAC 

572 AACCDGG CDGADGAGGCCGAAAGGCCGAA AGUAGAC 

572 AACCDGG CDGADGAGGCCGAAAGGCCGAA AGUAGAC 

579 UGAAGAG CDGADGAGGCCGAAAGGCCGAA ACCUGGG 

580 UUGAAGA CDGADGAGGCCGAAAGGCCGAA AACCDGG 
580 DUGAAGA CDGADGAGGCCGAAAGGCCGAA AACCDGG 
532 CCUUGAA CDGADGAGGCCGAAAGGCCGAA AGAACCU 
582 CCUUGAA CDGADGAGGCCGAAAGGCCGAA AGAACCU 

534 UCCCUUG CDGADGAGGCCGAAAGGCCGAA AGAGAAC 

535 GUCCCUU CDGADGAGGCCGAAAGGCCGAA AAGAGAA 
608 GAGCACG CDGADGAGGCCGAAAGGCCGAA AGUCGGG 
615 GGGUGAG CDGADGAGGCCGAAAGGCCGAA AGCACGU 
615 GGGUGAG CDGADGAGGCCGAAAGGCCGAA AGCACGU 
618 DGUGGGD CDGADGAGGCCGAAAGGCCGAA AGGAGCA 
630 ADCGGCD CDGADGAGGCCGAAAGGCCGAA ACGGUGU 
630 ADCGGCU CDGADGAGGCCGAAAGGCCGAA ACGGUGU 
638 GAUAGCA CDGADGAGGCCGAAAGGCCGAA ADCGGCD 
643 UADGAGA CDGADGAGGCCGAAAGGCCGAA AGCAAAU* 
645 GGUADGA CDGADGAGGCCGAAAGGCCGAA AUAGCAA 
647 CUGGUAD CDGADGAGGCCGAAAGGCCGAA AGADAGC 
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663 GGAGGUU CUGADGAGGCCGAAAGGCCGAA ACDDUCU 

669 CAGAGAG CUGADGAGGCCGAAAGGCCGAA AGGuUGA 

669 CAGAGAG CGGADGAGGCCGAAAGGCCGAA AGGCCGA 

672 CGGCAGA CUGAUGAGGCCGAAAGGCCGAA AGGAGGU 

674 GACGGCA CUGADGAGGCCGAAAGGCCGAA AGAGGAG 

. 681 GGCUCUU CDGADGAGGCCGAAAGGCCGAA ACGGCAG 

681 GGCOCUU CUGADGAGGCCGAAAGGCCGAA ACGGCAG 

631 GGCOCUU CUGADGAGGCCGAAAGGCCGAA ACGGCAG 

734 GGGCUCA CDGADGAGGCCGAAAGGCCGAA ACCAGGG 

734 GGGCUCA CUGADGAGGCCGAAAGGCCGAA ACCAGGG 

744 CCAGGUA CUGADGAGGCCGAAAGGCCGAA ADGGGCU 

746 UCCCAGG CUGADGAGGCCGAAAGGCCGAA ADADGGG 

759 GCUGGAA CUGADGAGGCCGAAAGGCCGAA ACUCCGC 

759 GCUGGAA CUGADGAGGCCGAAAGGCCGAA ACCCCCC 

761 CAGCDGG CUGADGAGGCCGAAAGGCCGAA AGACUCC 

762 CCAGCUG CUGADGAGGCCGAAAGGCCGAA AAGACCC 
786 CAGCGCU CUGADGAGGCCGAAAGGCCGAA AGCTOGU 
798 GCAGADU CUGADGAGGCCGAAAGGCCGAA ACCDCAG 
802 DUGGGCA CUGADGAGGCCGAAAGGCCGAA ADUGACC 
812 GUCUAAG CUGADGAGGCCGAAAGGCCGAA ACUCGGG 
816 CAAAGUC CUGADGAGGCCGAAAGGCCGAA AAGUACU 

821 CUCCGCA CUGAUGAGGCCGAAAGGCCGAA AGUCCAA 

822 ACUCCGC CUGADGAGGCCGAAAGGCCGAA AAGUCUA 
830 CUGCCCG CUGADGAGGCCGAAAGGCCGAA ACUCCGC 
840 CAAAGUA CUGADGAGGCCGAAAGGCCGAA ACCUGCC 
842 DCCAAAG CUGADGAGGCCGAAAGGCCGAA AGACCCG 
842 UCCAAAG CUGADGAGGCCGAAAGGCCGAA AGACCCG 
842 UCCAAAG CDGADGAGGCCGAAAGGCCGAA AGACCCG 

845 GACUCCA CUGADGAGGCCGAAAGGCCGAA AGUAGAC 

846 DGACUCC CUGADGAGGCCGAAAGGCCGAA AAGOAGA 
852 GAGCAAD CUGADGAGGCCGAAAGGCCGAA ACUCCAA 
855 ACAGAGC CUGADGAGGCCGAAAGGCCGAA ADGACCC 
887 GGGUAGA CUGADGAGGCCGAAAGGCCGAA AADGGAU 
891 GGCUGGG CUGADGAGGCCGAAAGGCCGAA AGAGAAD 
505 GGGGUCA CUGADGAGGCCGAAAGGCCGAA AGUGGGG 
905 GGGGUCA CUGADGAGGCCGAAAGGCCGAA AGUGGGG 
905 GGGGUCA CUGADGAGGCCGAAAGGCCGAA AGUGGGG 

914 CAGAGUA CUGAUGAGGCCGAAAGGCCGAA AGGGGUC 

915 UCAGAGU CUGADGAGGCCGAAAGGCCGAA AAGGGGU 
519 GGGGUCA CUGADGAGGCCGAAAGGCCGAA AGQAAAG 
928 GACAADA CUGADGAGGCCGAAAGGCCGAA AGGGGCC 
528 GACAADA CUGADGAGGCCGAAAGGCCGAA AGGGGUC 
932 AGUAGAC CUGADGAGGCCGAAAGGCCGAA ADAAAGG 
540 CUCUGAG CUGADGAGGCCGAAAGGCCGAA AGUAGAC 
943 GGGCUCU CUGADGAGGCCGAAAGGCCGAA AGGAGUA 
972 CCUUUCU CUGADGAGGCCGAAAGGCCGAA AGUUAGA 
572 CCUUUCU CUGAOSAGGCCGAAAGGCCGAA AGUUAGA 

# 573 CCCUUUC CUGADGAGGCCGAAAGGCCGAA AAGUUAG 

584 GAGCCAD CUGADGAGGCCGAAAGGCCGAA ADCCCCU 
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984 GAGCCAU CtXSADGAGGCCGAAAGGCCGAA AUCCCCU 

985 UGAGCCA CUGAIX3AGGCCGAAAGGCCGAA AADCCCC 
997 AGAGUUG CUGADGAGGCCGAAAGGCCGAA ACUCUGA 
1010 AAGCUCU COGADGAGGCCGAAAGGCCGAA AGCACAG 

1017 UUGUUGA CT3ADGAGGCCGAAAGGCCGAA AGGUCUG 

1018 GUUGUCG OJGADGAGGCCGAAAGGCCGAA AAGCUCU 

1019 AGUUGUU CUGADGAGGCCGAAAGGCCGAA AAAGCUC 
1073 UGCAUGA CUGADGAGGCCGAAAGGCCGAA AGGCC CA 
1096 CCCADU0 OTGADGAGGCCGAAAGGCCGAA AGDCCUU 

1106 ADUCGGA CUGAUGAGGCCGAAAGGCCGAA AGCCCAU 

1107 AADUCGG CUGADGAGGCCGAAAGGCCGAA AAGCCCA 

1108 GAADUCG CUGAUGAGGCCGAAAGGCCGAA AAAGCCC 
1115 CUCCAGU CUGADGAGGCCGAAAGGCCGAA AADUCGG 
1133 AGGAADG CUGADGAGGCCGAAAGGCCGAA ACADUCG 
1164 GCAACCU CUGADGAGGCCGAAAGGCCGAA ACCACUC 
1180 UCADUCU CDGADGAGGCCGAAAGGCCGAA AGACAGA 
1203 AAGGCCU CUGADGAGGCCGAAAGGCCGAA AGADCUU 
1210 AGGUAGG CUGADGAGGCCGAAAGGCCGAA AGGCCUG 
12U AAGGUAG CUGADGAGGCCGAAAGGCCGAA AAGGCCU 
1214 CUGAAGG CUGADGAGGCCGAAAGGCCGAA AGGAAGG 
1218 AGGUCUG CUGADGAGGCCGAAAGGCCGAA AGGUAGG 
1218 AGGUCUG CUGAUGAGGCCGAAAGGCCGAA AGGUAGG 
1218 AGGUCUG CUGADGAGGCCGAAAGGCCGAA AGGUAGG 

1218 AGGUCUG CUGADGAGGCCGAAAGGCCGAA AGGUAGG 

1219 AAGGUCU CUGADGAGGCCGAAAGGCCGAA AAGGUAG 
1219 AAGGUCU CUGADGAGGCCGAAAGGCCGAA AAGGUAG 
1226 GUCUGGA CUGADGAGGCCGAAAGGCCGAA AGGU CU G 

1226 GUCUGGA COGADGAGGCCGAAAGGCCGAA AGGUC U G 

1227 AGUCUGG CUGADGAGGCCGAAAGGCCGAA AAGGUCU 

1227 AGUCUGG CUGADGAGGCCGAAAGGCCGAA AAG GU C U 

1228 GAGUCUG CUGADGAGGCCGAAAGGCCGAA AAAGGUC 
1238 CCUCAGG CUGADGAGGCCGAAAGGCCGAA AAGAGUC 
1262 CUGUGAG COGADGAGGCCGAAAGGCCGAA AAGGCUG 
1283 ADAAADA CUGADGAGGCCGAAAGGCCGAA AGGGGGG 
1283 ADAAADA CUGADGAGGCCGAAAGGCCGAA AGGGGGG 
1285 AUADAAA CUGADGAGGCCGAAAGGCCGAA AGAGGGG 
1287 AAADADA CUGADGAGGCCGAAAGGCCGAA ADAGAGG 

1287 AAADADA CUGADGAGGCCGAAAGGCCGAA ADAGAGG 

1288 CAAADAU CUGADGAGGCCGAAAGGCCGAA AADAGAG 

1289 GCAAADA CUGADGAGGCCGAAAGGCCGAA AAADAGA 
1293 AAGUGCA CUGADGAGGCCGAAAGGCCGAA ADADAAA 

1293 AAGUGCA CUGADGAGGCCGAAAGGCCGAA ADADAAA 

1294 UAAGUGC CUGADGAGGCCGAAAGGCCGAA AADADAA 
1300 AAADAAD CUGADGAGGCCGAAAGGCCGAA AGUGCAA 

1303 AADAAA0 CUGAUGAGGCCGAAAGGCCGAA ADAAGUG 

1304 UAADAAA CUGADGAGGCCGAAAGGCCGAA AADAAGB 

1306 AADAADA CUGADGAGGCCGAAAGGCCGAA ADAADAA 

1307 AAADAAD CUGADGAGGCCGAAAGGCCGAA AADAADA 
1307 AAADAAD COGADGAGGCCGAAAGGCCGAA AADAADA 
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1308 UAAAOAA C0GADGAGGCCGAAAGGCCGAA AAAUAAU 

1310 AADAAAD CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1310 AADAAAD CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1310 AADAAAD CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1311 AAADAAA CUGADGAGGCCGAAAGGCCGAA AADAAAD 
1311 AAADAAA. CUGAI3SAGGCCGAAAGGCCGAA AADAAAU 
1311 AAAUAAA COGADGAGGCCGAAAGGCCGAA AADAAAD 
1313 ADAAADA CUGADGAGGCCGAAAGGCCGAA ADAADAA 
1313 AHAAADA CUGADGAGGCCGAAAGGCCGAA ADAADAA 

1313 ADAAADA COGADGAGGCCGAAAGGCCGAA ADAADAA 

1314 AADAAAD CUGADGAGGCCGAAAGGCCGAA AADAADA 

1314 AADAAAD OT3ADGAGGCCGAAAGGCCGAA AADAADA 

1315 DAADAAA COGADGAGGCCGAAAGGCCGAA AAADAA0 

1317 AADAADA CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1318 AAADAAD CUGADGAGGCCGAAAGGCCGAA AADAAAU 

1319 DAAADAA COGADGAGGCCGAAAGGCCGAA AAADAAA 
1325 AAADAAA CUGADGAGGCCGAAAGGCCGAA AAADAAD 

1328 GCAAADA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1329 AGCAAAD CUGADGAGGCCGAAAGGCCGAA AADAAAD 

1330 AAGCAAA COGADGAGGCCGAAAGGCCGAA AAADAAA 

1332 ADAAGCA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1333 CADAAGC COGADGAGGCCGAAAGGCCGAA AADAAAD 

1337 CADDCAD COGADGAGGCCGAAAGGCCGAA AGCAAAD 

1338 ACADDCA CUGADGAGGCCGAAAGGCCGAA AAGCAAA 
1346 AAADAAA CUGADGAGGCCGAAAGGCCGAA ACADDCA 

1348 CCAAADA CUGADGAGGCCGAAAGGCCGAA ADACADD 

1349 DCCAAAD CUGADGAGGCCGAAAGGCCGAA AADACAD 

1350 DDCCAAA CUGADGAGGCCGAAAGGCCGAA AAADACA 
1352 CCUOCCA CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1352 CCUUCCA CUGADGAGGCCGAAAGGCCGAA ADAAADA 

1353 GCCOOCC COGADGAGGCCGAAAGGCCGAA AADAAAD 
1369 CCDCCAG CUGADGAGGCCGAAAGGCCGAA ACACCCC 
1398 CUGUCUG CUGADGAGGCCGAAAGGCCGAA AGACAGC 
1398 CUGUCUG CUGADGAGGCCGAAAGGCCGAA AGACAGC 

1412 CACAGAA CUGADGAGGCCGAAAGGCCGAA ACADGDC 

1413 UCACAGA CUGADGAGGCCGAAAGGCCGAA AACADGD 

1414 OOCAC AG COGADGAGGCCGAAAGGCCGAA AAACADG 

1415 DODCACA COGADGAGGCCGAAAGGCCGAA AAAACAD 
1415 UDDCACA COGADGAGGCCGAAAGGCCGAA AAAACAD 
1438 AGGDGGG COGADGAGGCCGAAAGGCCGAA ACAGCOC 
145i AGGDAGA COGADGAGGCCGAAAGGCCGAA AGGCCAG 
1453 CAAGGDA COGADGAGGCCGAAAGGCCGAA AGAGGCC 
1455 AACAAGG COGADGAGGCCGAAAGGCCGAA AGAGAGG 
1462 AGGAGGC COGADGAGGCCGAAAGGCCGAA ACAAGGU 
1470 AGCAAAA COGADGAGGCCGAAAGGCCGAA AGGAGGC 

1472 DAAGCAA COGADGAGGCCGAAAGGCCGAA AGAGGAG 

1473 ADAAGCA CTGADGAGGCCGAAAGGCCGAA AAGAGGA 

1474 CADAAGC CUGADGAGGCCGAAAGGCCGAA AAAGAGG 
1473 DAAACAU COGADGAGGCCGAAAGGCCGAA AGCAAAA 
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1479 UUAAACA CDGADGAGGCCGAAAGGGCGAA AAGCAAA 

1479 UOAAACA CUGADSAGGCCGAAAGGCCGAA AAGCAAA 

1484 UUGUUUU CUGADGAGGCCGAAAGGCCGAA AACADAA 

1498 GUUAGAU CUGADGAGGCCGAAAGGCCGAA AAUADUU 

1511 UUAAGAC CUGADGAGGCCGAAAGGCCGAA ADDGGGU 

1514 DOADOAA CUGADGAGGCCGAAAGGCCGAA ACAADOG . 

1516 CGOUADU CUGADGAGGCCGAAAGGCCGAA AGACAAU 

1529 GUCACCA CUGADGAGGCCGAAAGGCCGAA ADCAGCG 

1529 GUCACCA CTJ3ADGAGGCCGAAAGGCCGAA ADCAGCG 

1530 GGUCACC CUGADGAGGCCGAAAGGCCGAA AADCAGC 
1530 GGUCACC CUGADGAGGCCGAAAGGCCGAA AADCAGC 
1563 GGGAGCA CUGADGAGGCCGAAAGGCCGAA AGGUUCA 
1563 GGGAGCA CUGADGAGGCCGAAAGGCCGAA AGGUUCA 
1563 CCGUGGG CUGADGAGGCCGAAAGGCCGAA AGCAGAG 
1589 GGGCAAU CUGADGAGGCCGAAAGGCCGAA ACAGUCA 
1592 GOAGGGC CUGADGAGGCCGAAAGGCCGAA ADUACAG 
1617 CGADCUU CUGADGAGGCCGAAAGGCCGAA ADUUCUC 
1623 UUUAAGC CUGADGAGGCCGAAAGGCCGAA ADCUUUA 
1633 GGUUUUU CUGADGAGGCCGAAAGGCCGAA ADUUUAA 
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Table 29: Human bcr/abl HH Target Sequence 



Sequence 
XB No. 

b2-a2 



EH Target Sequence 



20 
21 
22 



®aGAAGOC CUD OG0G30CEGU 



b3-*2 



23 DDC AAAAG3CE0DC 

24 UCAAAftGQC CUD OG0330CRGD 
S CAAMG3QC DDC AG0330CAGD& 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 PCT/IB95/00156 

264 



Table 30: Human bcr-abl HH Ribozyme Sequences 



Sequence HH Ribozyme Sequence 

ID No. 

26 GGC00C00CCX7 CUGXJG^GXCG^^XXG^ ADUGAOGGUCA 

27 ACOGGCCGCUG COGMX2AGGCGGAAAGGCCGAA AGGGCDDCDUC 

28 UACOGGCCGCU CUGAIX2AGGCCGAAAGGCCX3AA AAGGGCUDCUU 

29 GAAGGGCOOUCJ COGADGAGGCCGAAAGGCCGAA AAQJCUGCOOA 

30 ACDGGCCGCUG COGfcDGMGCCGAAAGGCCGAA AGGGCUUUUGA 

31 . DACUGGCCGCO COGADGAGGCCGAAAGGCCGAA AAGGGCOOUDG 
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Table 31: RSV (IB) HH Target Sequence 



PCI7IB95/00156 



nt • 


HH Target Sequence 


nt ♦ 


Position 




Position 


10 


GGCAAAD A AADCAAU 


276 


14 


AADAAAD C AADDCAG 


283 


18 


AADCAAU U CAGCCAA 


295 


19 


ADCAADU C AGCCAAC 


303 


54 


CAADGAU A AOACACC 


304 


57 


DGADAAU A CACCACA 


305 


77 


OGADGAU C ACAGACA 


309 


94 


AGACCGU U GOCACOU 


317 


97 


CCGUDGU C ACUUGAG 


319 


101 


UGUCACU U GAGACCA 


320 


110 


AGACCAU A ADAACAU 


323 


113 


CCADAA0 A ACADCAC 


327 


118 


ADAACAU C ACQAACC 


337 


122 


CADCACa A ACCAGAG 


338 


134 


GAGACAU C AUAACAC 


340 


137 


ACADCAD A ACACACA 


341 


148 


CACAAAD U DAHADAC 


350 


149 


ACAAADU U AUADACU 


356 


150 


CAAADDU A UADACDU 


357 


152 


AADDUAU A 0ACODGA 


363 


154 


OuUADAD A CDUGADA 


372 


157 


AUADACU U GADAAAD 


375 


161 


ACU0GA0 A AADCADG 


380 


165 


GADAAAD C ADGAADG 


383 


176 


AADGCAD A GUGAGAA 


385 


188 


GAAAACU U GADGAAA 


391 


208 


GCCACAU U DACADUC 


396 


209 


CCACADU U ACADUCC 


398 


210 


CACADUU A CADUCCD 


402 


214 


UUDACAD D CCDGGUC 


406 


215 


UDACADD C CUGGUCA 


410 


221 


UCCOGGU C AACUADG 


411 


226 


GUCAACU A DGAAADG 


412 


239 


OGAAACD A DUACACA 


421 


241 


AAACUAU U ACACAAA 


423 


242 


AACUAUU A CACAAAG 


424 


251 


ACAAAGU A GGAAGCA 


432 


261 


AAGCACU A AADADAA 


434 


265 


ACDAAAD A UAAAAAA 


446 


267 


UAAADAD A AAAAADA 


448 


274 


AAAAAAU A DACDGAA 


454 



HH Target Sequence 



AAAADAU A CUGAAUA 
ACUGAAU A CAACACA 
ACAAAAD A DGGCACU 
DGGCACU U OCCCDAD 
GGCACUU U CCCUADG 
GCACUUU C CCDADGC 
DUUCCCU A OGCCAAU 
DGCCAAU A UDCADCA 
CCAAUAU U CADCAAU 
CAADAUU C AUCAADC 
UAUUCAD C AADCADG 
CADCAAU C ADGADGG 
GADGGGU 0 CUDAGAA 
AUGGGUU C 0UAGAA0 
GGGUUCU 0 AGAADGC 
GGDUCUU A GAADGCA 
AADGCAU 0 GGCADUA 
OCGGCAU 0 AAGCCUA 
UGGCADU A AGCCUAC 
QAAGCCU A CAAAGCA 
AAAGCA0 A CDCCCAU 
GCADACU C CCADAAU 
CDCCCAU A AUADACA 
CCADAAU A UACAAGU 
ADAADAU A CAAGDAD 
UACAAGU A DGADCDC 
GDAEGAU C DCAADCC 
ADGADCU C AADCCAU 
UCOCAAD C CADAAAU 
AADCCAU A AADODCA 
CADAAAU 0 DCAACAC 
ADAAAD0 0 CAACACA 
UAAADDU C AACACAA 
ACACAAU A 0OCACAC 
ACAADAU U CACACAA 
CAADADU C ACACAAU 
ACACAAU C DAAAACA 
ACAAUCU A AAACAAC 
AACAACU C DADGCAD 
CAACUCU A UGCADAA 
0ADGCAU A ACDAUAC 
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458 


CADAACU A UACUCCA 


460 


UAACnAJJ A CUCCADA 


463 


COADACU C CAUAGGC 


467 


ACOCCAU A GUCCAGA 


470 


CCAJJAGU C CAGADGG 


489 


CGAAAAU U ADAGOAA 


490 


GAAAAUU A DAGUAAU 


492 


AAADUAU A GDAADO0 


495 


UUADAGU A ADOOAAA 
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Table 32: RSV (IB) HH Ribozyme Sequence 



PCT/IB95/00156 



nt - HH Ribozyme Seocuonco 

Position 

10 AUDGADU CDGADGAGGCCGAAAGGCCGAA ADUUGCC 

14 COGAADD OX3ADGAGGCCGAAAGGCCGAA ADDDADD 

18 OOGGCDG CDGADGAGGCCGAAAGGCCGAA ADUGADU 

19 GDDSGCD CDGADGAGGCCGAAAGGCCGAA AAUUGAU 
54 GGDGDAD CDGACGAGGCCGAAAGGCCGAA ADCADDG 
57 DGUGUXi CDGADGAGGCCGAAAGGCCGAA ADUADCA 
77 DGDCDGD CDGADGAGGCCGAAAGGCCGAA ADCADCA 
94 AAGOGAC CDGADGAGGCCGAAAGGCCGAA ACGGDOJ 
97 CDCAAGU CDGADGAGGCCGAAAGGCCGAA ACAACGG 

101 UGGUCU C CDGADGAGGCCGAAAGGCCGAA AGDGACA 

U0 ADGDUAD CDGADGAGGCCGAAAGGCCGAA ADGGUCU 

113 GUGADGU CDGADGAGGCCGAAAGGCCGAA ADDADGG 

118 GGDDAGD CDGADGAGGCCGAAAGGCCGAA ADGDDAD 

122 CDCDGG D CTOADGAGGCXXSUVAGGCCGAA AGDGADG 

134 GDGODAT7 CDGADGAGGCCGAAAGGCCGAA ADGDCDC 

137 DGDGDGXJ CDGADGAGGCCGAAAGGCCGAA ADGAOGtf 

148 GUADADA CDGADGAGGCCGAAAGGCCGAA ADDDGDG 

149 AGDADAU CDGADGAGGCCGAAAGGCCGAA AADDDGD 

150 AAGOADA CDGADGAGGCCGAAAGGCCGAA AAADDDG 
152 DCAAGDA CDGADGAGGCCGAAAGGCCGAA AUAAADU 
154 DADCAAG CDGADGAGGCCGAAAGGCCGAA ADADAAA 
157 ADDDADC CDGADGAGGCCGAAAGGCCGAA AGDAQAU 
161 CADGATO CDGADGAGGCCGAAAGGCCGAA AXJCAAGU 
165 CADDCAD CDGADGAGGCCGAAAGGCCGAA ADDUADC 
176 P^OCAC CDGADGAGGCCGAAAGGCCGAA ADGCADU 
188 DODCADC CDGADGAGGCCGAAAGGCCGAA AGDDODC 

208 GAADGDA COGADSAGGCCGAAAGGCCGAA ADGDGGC 

209 GGAADGU CDGADGAGGCCGAAAGGCCGAA AADGDGG 

210 AGGAADG CDGADGAGGCCGAAAGGCCGAA AAADGDG 

214 GACCAGG CDGADGAGGCCGAAAGGCCGAA ADGDAAA 

215 DGACCAG CDGADGAGGCCGAAAGGCCGAA AADGDAA 
221 CADAGTO CDGADGAGGCCGAAAGGCCGAA ACCAGGA 
226 CADDOCA CDGADGAGGCCGAAAGGCCGAA AGDDGAC 
239 Uom^uaA CDGADGAGGCCGAAAGGCCGAA AGDDDCA 

241 DD0G0GO CDGADGAGGCCGAAAGGCCGAA ADAGDDU 

242 CDDDGDG OJGADGAGGCCGAAAGGCCGAA AADAGDD 
251 DGCODCC CDGADGAGGCCGAAAGGCCGAA ACDODGD 
261 TOMATO CDGADGAGGCCGAAAGGCCGAA AGDGCOD 
265 U uuuuua CD3ADGAGGCCGAAAGGCCGAA ADDUAGU 
267 DADDDOT CDGADGAGGCCGAAAGGCCGAA ADAODUA 
274 DDCAGDA CDGADGAGGCCGAAAGGCCGAA ADDDDTO 
276 OADDCAG CDGADGAGGCCGAAAGGCCGAA ADADDUD 
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283 DGUGUUG CDGADGAGKOGAAAGGCCGAA ADDCAGQ 

295 AGOGCCA OJGAIJ2AGGCCGAAAGGCCGAA ADUUUGU 

303 ADAGGGA C0GAIX2AGGCCGAAAGGCCGAA AGOGCCA 

304 CADAGGG CIXSADGAGGCCGAAAGGCCGAA AAGGGCC 

305 GCA30AGG CUGADGAGGCCGAAAGGCCGAA AAAGCGC 
309 AUUGGCA CUGATOAGGCCGAAAGGCCGAA AGGGAAA 
317 OGADGAA COGAIX3AGGCCGAAAGSCCGAA ADOGGCA 

319 ADOGAOG COGATOAGGCCGAAAGGCCGAA ADADOGG 

320 GADOGA0 CUGAUGAGGCCGAAAGGCCGAA AAUADCG 
323 CADGADO C0GATCAGGO3GAAAGGCCGAA ADGAAGA 
327 CCADC AD CDGADGAGGCCGAAAGGCCGAA ADCGATO 

337 DOCOAAG CDGADGAGGCOGAAAGGCCGAA ACCCADC 

338 AUUCuaA CDGADGAGGCCGAAAGGCCGAA AACCCAD 

340 GCADOCU COGADGAGGCCGAAAGGCCGAA AGAACCC 

341 OGCADOC CUGADSAGGCCGAAAGGCCGAA AAGAACC 
3 50 OAA DGCC CDGADGAGGCOGAAAGGCCGAA ADGCADO 
3SS OAGGCOU CGGADGAGGCOGAAAGGCOGAA ADGCCAA 
357 GQAGGCO COGADaAGGCCGAAAGGCCGAA AADGCCA 
363 OGCOOOG CDGADGAGGCOGAAAGGCCGAA AGGCOOA 
372 ADGGGAG CDGADGAGGCOGAAAGGCCGAA ADGC00O 
375 ADOADGG CDGADGAGGCOGAAAGGCCGAA AGOADGC 
3 80 C GOAOAD CDGADGAGGCOGAAAGGCCGAA ADGGGAG 
383 ACOOGOA CDGADGAGGCOGAAAGGCCGAA ADOADGG 
385 ADACODG CDGADGAGGCOGAAAGGCCGAA ADADUAD 
391 GAGADCA CDGADGAGGCOGAAAGGCCGAA ACDDGDA 
396 GGADDGA CDGADGAGGCOGAAAGGCCGAA ADCADAC 
398 ADGGADD CDGATOAGGCOGAAAGGCOGAA AGADCAD 
402 ADDUADG CDGADGAGGCOGAAAGGCCGAA ADDGAGA 
406 O GAAAD D CDGADGAGGCOGAAAGGCCGAA ADGGADD 
CIO CDGADGAGGCOGAAAGGCCGAA ADDUADG 

411 UUJU jug CDGADGAGGCOGAAAGGCCGAA AADDDAD 

412 OUGUQJ U CDGADGAGGCCGAAAGGCOGAA AAADDDA 
421 GUUJGAA CDGADGAGGCCGAAAGGCCGAA ADDGOGD 

423 UbUJUUG CDGADGAGGCOGAAAGGCCGAA ADADDGD 

424 AUUww CDGADGAGGCOGAAAGGCCGAA AADADDG 
432 U*uuuua CDGADGAGGCOGAAAGGCCGAA ADOGOGO 
434 GDDGDDD CDGADGAGGCOGAAAGGCCGAA AGADOGD 
446 AEGCAUA CDGADGAGGCOGAAAGGCCGAA AGDDGDD 
448 DUADGCA COGADSAGGCOGAAAGGCCGAA AGAGDDG 
454 GDADAGU CDGADGAGGCOGAAAGGCCGAA ADGCADA 
458 OGGAGOA CDGADGAGGCOGAAAGGCCGAA AGDUADG 
460 OADGGAG CDGADGAGGCOGAAAGGCCGAA ADAGDDA 
463 GACO ADG CDGADGAGGCOGAAAGGCCGAA AGDADAG 
467 OCOGGAC CDGADGAGGCOGAAAGGCCGAA ADGGAGD 
4 70 CCADCDG CDGADGAGGCOGAAAGGCCGAA ACDADGG 

489 DDACDAD CDGADGAGGCOGAAAGGCCGAA ADDODCA 

4 90 ADDACOA CDGAD3AGGC0GAAAGG0CGAA AADDDDC " 
492 AAAUOAC CDGADGAGGCOGAAAGGCCGAA ADAADDD 
495 DDUAAAD CDGADGAGGCOGAAAGGCCGAA ACDADAA 
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Table 33 : RSV (1C) HH target Sequence 



nt . 


Target Sequence 


roBition 




10 


GGCAAAD A AGAATjUU 


16 


wnnunnu w w^auaalx 


17 


AAGAAnn n ranAAftn 

•wiuiiftuw w Nanunnuu 


21 


21 1 Tl IT R ATT A AfI7 1Ar^*A 


25 




31 


tuvccAcn rr a a at n jtta 


32 


ACCAdTTT A AAtTtTT TAA 


36 


CUtlAAATJ TT TJAAlVVH t ' 


37 


DQAAAnn TT AATTTrrr 


38. 




42 




46 


Av—U*»,\*A-lj U V>vjUUaV=A 


50 


UUUUuuU U AvjAlartUv? 


51 


^^T^n/^'*"T If T ^ ^'i^** T If 1 ** 1 ' 

v»UU«vjUU a VaAbAUVM 


67 


f*Af^f"*TkHTT tt mnrF'ir 

UwUiAU U UAUUixrvcr 


68 


AfV^A ATTTT f* ATTTy*A/—^T 


71 


& ATTfUf^TATT TT /"iJA'^T^'AT'W 


76 


AT ■? if -Ann a ttt^ j^ttr * ii 


81 


wAUunU a aAaVjUUa 


87 


TTAAAAfZrT TT Af*AI IT TA<"» 


88 


aaaAKoUU A VaAUUACA 




f""T If 1 JH^STT TT " "fc r**% 7A ^ * TT 




f H 1A*^*AF TT T "A ^**A \ m>fw i 

UUAGrtUU A CAAAAUU 


inn 


ACAAAAU TJ IXjUUUUA 


1 01 

X.VJX 


v-AAAAUU U GUUUGAC 


1 0A 


AAUUUGU U UGACAAU 


105 


AUUUGUU U GACAAUG 


120 


AUGAAGU A GCAUUGU 


125 


GUAGCAU TJ GUTJAAAA 


128 


GCATJGGa U AAAAATJEA 


129 


CAUUGUU A AAAAUAA 


135 


DAAAAAU A ACAUGCU 


143 


ACAUGCU A UACOGAU 


145 


AUGCOATJ A CTGATJAA 


151 


UACUGAU A AAUUAAU 


155 


GAtJAAAU U AAUACAU 


156 


AUAAADU A AUACAUU 


159 


AAUUAAU A CAUUUAA 


163 


AAUACAU U UAACQAA 


164 


AUACAUU U AACUAAC 





Target Sequence 




165 


TTAf*ATTT7TT A A rrm "i /*•**■■ 
w*»w\uuu a 1 'ftrv^Nj 


169 


TIT TJ I * i/"""* 7 i n f~¥*+m 


175 


VAaaWAjwU U (JUj^JAA 


176 




131 


VjUIAjsjv_W a AGGGAGU 


192 


v— -Ujuvidu A wUJACAA 


196 


GATTAOATT A f"*^ unm 


201 


ATTALA ATT mvsrrrv*^ 
aUaI_^AU W AAAuUGA 


206 


AT ir* A A ATT TT ^ i ir*«" 
auVmaaaU U vanmAauC 


216 


*UAaO\»AU U OUOOUiXi 


221 


AUUvAAiU U UGCGCAU 


222 


uuxjuvjUu U GUGCAUG 


231 


wuUajU U ATjUACAA 


232 


vjCAUGUU A UuaCAAG 


234 


auv»uuaU U ACAAGUA 


235 


UGUUauu a caagqag 


241 


UAUAAGU A GUGAUAU 


247 


^AGvAsAU A UUUGCCC 


249 


GUGAUAU U UGCCCUA 


250 


CGAUAUU U GCCCUAA 


256 


UUGCCCU A AUAAUAA 


259 


CCCUAAU A AUAAUAU 




HAAUAAU A AUAUUGU 


^r- 


tIAATJAAU A UUGUAGU 




AUAAUAU U GUAGUAA 


270 


AUAUUGU A GUAAAAU 


273 


UUGUAGU A AAAUCCA 


278 


GUAAAAU C CAAUUUC 


283 


AUCCAAU U UCACAAC 


284 


UCCAAUU U CACAACA 


285 


CCAAUUU C ACAACAA 


300 


TCCCAGU A CUACAAA 


303 


CAGUACU A CAAAAUG 


316 


OGGAGGU U AUAUAUG 


317 


GGAGGUU A UAUAUGG 


319 


AGGUUAU A UAUGGGA 


321 


GUUAUAU A UGGGAAA 


338 


AUGGAAU U AACACAU 


339 


UGGAAUU A ACACAUU 


346 


AACACAU U GCUCUCA 
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350 CADUGCU C UCAACCU 

352 ODGCDCU C AACCUAA 

358 OCAACCU A ADGGUCU 

364 UAADGGU C UACDAGA 

366 ADGGUCU A CUAGADG 

369 GUCUACU A GADGACA 

379 UGACAAD U GDGAAAU 

387 GUGAAAD U AAAUUCU 

388 UGAAADU A AADDCDC 

392 AUUAAAU U COCCAAA 

393 GUAAADU C OCCAAAA 
395 AAAOCCU C CAAAAAA 
405 AAAAACU A AGOGADU 

412 AASCGMJ U CAACAAU 

413 AGUGADU C AACAADG 

427 GACCAAU 0 AUADGAA 

428 ACCAADU A UADGAAU 
430 CAAUUAD A UGAADCA 
436 DADGAAU C AAUDADC 

440 AADCAAI7 U AOCDGAA 

441 AUCAADU A UCUGAAU 
443 CAAUUAD C DGAADUA 

449 UCDGAAU U ACUUGGA 

450 CUGAAOU A COUGGAU 
453 AADUACU XJ GGADUUG 

458 CDDGGAU U DGATCUU 

459 UGGGAUU U GADCUUA 
463 AUUUGAU C UDAADCC 

465 UUGADCU a AAUCCAU 

466 - UGADCUU A ADCCAHA 
469 UCUUAAU C CAQAAA0 
473 AADCCAU A AAUUAUA 

477 CADAAAU U AUAADOA 

478 ADAAADU A UAADUAA 
480 AAADUAU A ADUAAUA 

483 DUAUAAU U AAUADCA 

484 UAUAADU A AUADCAA 
487 AAUUAAU A UCAACOA 
489 UUAAQAD C AACQAGC 
494 ADCAACU A GCAAADC 
501 AGCAAAU C AADGDCA 
507 UCAADGU C ACUAACA 
511 UGUCACU A ACACCAU 

519 ACACCAU U AGUUAAU 

520 CACCAUU A GUUAADA 

523 CAUUAGU U AAQAUAA 

524 AUUAGUU A AUAUAAA 
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Table 34: RSV (1C) HH Ribozyme Sequence 



nt • HH Ribozyme Sequence 
Position 

10 AAADUCU CDGADGAGGCCGAAAGGCCGAA ADDDGCC 

16 COUADCA CDGADGAGGCCGAAAGGCCGAA ADUCDCA 

17 ACDDADC CDGADGAGGCCGAAAGGCCGAA AADOCDU 
21 UGGDACD CDGADGAGGCCGAAAGGCCGAA ADCAAAU 
25 UAAGGGG CDGADGAGGCCGAAAGGCCGAA ACOUADC 

31 DAAADDD CDGADGAGGCCGAAAGGCCGAA AGGGGDA 

32 OUAAADU CDGADGAGGCCGAAAGGCCGAA AAGDGGU 

36 GGAGUUA CDGADGAGGCCGAAAGGCCGAA ADUQAAG 

37 GGGAGUU CDGADGAGGCCGAAAGGCCGAA AAUDUAA 

38 AGGGAGU CDGADGAGGCCGAAAGGCCGAA AAADODA 
42 ACCAAGG CDGADGAGGCCGAAAGGCCGAA AGDDAAA 
46 D COAACC CDGADGAGGCCGAAAGGCCGAA AGGGAGD 

50 CADCDCU CTGADGAGGCCGAAAGGCCGAA ACCAAGG 

51 CCAUCDC CDGADGAGGCCGAAAGGCCGAA AACCAAG 

67 COCAADG CDGADGAGGCCGAAAGGCCGAA ADDGCDG 

68 ACOCAAU CDGADGAGGCCGAAAGGCCGAA AADDGCU 
71 CADACDC CDGADGAGGCCGAAAGGCCGAA ADGAADU 
76 UDDADCA CDGADGAGGCCGAAAGGCCGAA ACUCAAD 
81 UAACOOD CDGADGAGGCCGAAAGGCCGAA ADCADAC 
37 GUAADCU CDGADGAGGCCGAAAGGCCGAA ACDDDUA 
88 DGDAAUC CDGADGAGGCCGAAAGGCCGAA AACDDDU 

92 ADDDDGU CDGADGAGGCCGAAAGGCCGAA ADCDAAC 

93 AADDUDG -CDGADGAGGCCGAAAGGCCGAA AADCDAA 

100 DCAAACA CDGADGAGGCCGAAAGGCCGAA ADDDDGD 

101 GDCAAAC CDGADGAGGCCGAAAGGCCGAA AADDUDG 

104 ADDGDCA CDGADGAGGCCGAAAGGCCGAA ACAAADD 

105 CADDGDC CDGADGAGGCCGAAAGGCCGAA AACAAAU 
. 120 ACAADGC CDGADGAGGCCGAAAGGCCGAA ACDDCAD 

125 ODDUAAC CDGADGAGGCCGAAAGGCCGAA ADGCQAC 

128 UADUUUU CDGADGAGGCCGAAAGGCCGAA ACAADGC 

129 UUADDOD CDGADGAGGCCGAAAGGCCGAA AACAADG 
135 AGCADGU CDGADGAGGCCGAAAGGCCGAA ADODOUA 
143 ADCAGUA CDGADGAGGCCGAAAGGCCGAA AGCADGU 
145 UDADCAG CDGADGAGGCCGAAAGGCCGAA ADAGCAD 
151 ADGAADU CDGADGAGGCCGAAAGGCCGAA ADCAGDA 

155 ADGUADU CDGADGAGGCCGAAAGGCCGAA ADDUADC 

156 AADGDAU CDGADGAGGCCGAAAGGCCGAA AADDUAD 
159 DDAAADG CDGADGAGGCCGAAAGGCCGAA ADDAADD 

153 UUAGOUA CDGADGAGGCCGAAAGGCCGAA ADGUADU 

154 GUUAGDU CDGADGAGGCCGAAAGGCCGAA AADGDAU 

155 CGUUAGU CDGADGAGGCCGAAAGGCCGAA AAADGUA 
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AAAGCGU COGADGAGGCCGAAAGGCCGAA AGUOAAA 
OUAGCCA CDGADGAGGCCGAAAGGCCGAA AGCGOOA 
COOAGCC OJGADGAGGCCGAAAGGCCGAA AAGCGUU 
ACTTCOJ COGADGAGGCCGAAAGGCCGAA AGCCAAA 
UOGOAOG COGADGAGGCCGAAAGGCCGAA ADCACUG 
UTCADOG OTSADGAGGCCGAAAGGCCGAA AUGUAUC 
OCAADUU COGADGAGGCCGAAAGGCCGAA AUOGUATJ 
GCCADOC COGADGAGGCCGAAAGGCCGAA ADUDGAU 
CAAACAC COGADGAGC3CCGAAAGGCCGAA ADGCCAU 
AD3CACA COGAD3AGGCCGAAAGGCCGAA ACACAAU 
CEPGCAC COGADGAGGCCGAAAGGCCGAA AACACAA 
UUjUaA P COGADGAGGCCGAAAGGCCGAA ACADGCA 
COOGOAA COGADGAGGCCGAAAGGCCGAA AACADGC 
^CODGU COGADGAGGCCGAAAGGCCGAA AQAACAU 
COACOOG COGADGAGGCCGAAAGGCCGAA AADAACA 
ADADCAC COGADGAGGCCGAAAGGCCGAA ACODGUA 
GGGCAAA COGADGAGGCCGAAAGGCCGAA ADCACUA 
. tlAGGGCA COGADGAGGCCGAAAGGCCGAA ADADCAC 
^AGGGC COGADGAGGCCGAAAGGCCGAA AADADCA 
UUhuuaD COGADGAGGCCGAAAGGCCGAA AGGGCAA 
AnAOUAD COGADGAGGCCGAAAGGCCGAA ADDAGGG 
ACAADAD COGADGAGGCCGAAAGGCCGAA AUUADDA 
ACOACAA COGAOGAGGCOGAAAGGCCGAA ADUADUA 
PQACOA C COGADGAGGCCGAAAGGCCGAA ADADOAD 
ADOOOAC COGADGAGGCCGAAAGGCCGAA ACAADAU 
TCGADOO C0GAD3AGGCCGAAAGGCCGAA ACOACAA 
QAAADU G COGADGAGGCCGAAAGGCCGAA ADOOUAC 
ouu^AA COGADGAGGCCGAAAGGCCGAA ADOGGAD 
DOTOCTG COGADGAGGCCGAAAGGCCGAA AAOOGGA 
TO^Uuw COGAD3AGGCCGAAAGGCCGAA AAADCGG 
Uuu^uaG COSADGAGGCCGAAAGGCCGAA ACOGGCA 
CM 30005 COGADGAGGCCGAAAGGCCGAA AGUACUG 
CADADAD COGADGAGGCCGAAAGGCCGAA ACCOCCA 
CCADABA COGADGAGGCCGAAAGGCCGAA AACCOCC 
UCCCADA COGADGAGGCCGAAAGGCCGAA ADAACCU 
U ^CCA COGADGAGGCCGAAAGGCCGAA ADAOAAC 
AUUXiUU COGADGAGGCCGAAAGGCCGAA ADOCCAU 
AADGOGO COGADGAGGCCGAAAGGCCGAA AADOCCA 
^^A^GC COGADGAGGCCGAAAGGCCGAA AUGOGUD 
AGGUUGA CD3A DGAGGCCGAAAGGCCQVA AGCAADG 
OUAGGOO COGAD3AGGCCGAAAGGCCGAA AGAGCAA 
AGAOCAD COGADGAGGCCGAAAGGCCGAA AGGOOGA 
flCDAGOA COGAXX3AGGCCGAAAGGCCGAA ACCADDA 
5^°AG C0GAD3AGGCCGAAAGGCCGAA AGACCAD 
TOUCADC COGADGAGGCCGAAAGGCCGAA AGOAGAC 
ADOOCAC COGADGAGGCCGAAAGGCCGAA ADOGOCA 
AGAADOU CTGADGAGGCCGAAAGGCCGAA AOOUCAc' 
GAGAADU COGADGAGGCCGAAAGGCCGAA AADOOCA 
TO05GAG COGADGAGGCCGAAAGGCCGAA ADOOAAU 
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P00D5GA CDGAIX2AGGCCGAAAGGCCGAA AAODOAA 
UUUUUUG CUGADGAGGCCGAAAGGCCGAA AGAADUU 
AADCACU CDGADGAGGCCGAAAGGCCGAA AGUDUDU 
ADOGOOG CDGADGAGGCCGAAAGGCCGAA ADCACOU 
CAU^^J CDGADGAGGCCGAAAGGCCGAA AADCACU 

vvexnn cugaixsaggccgaaaggccgaa adugguc 

ADOCADA CDGADGAGGCCGAAAGGCCGAA AADOGGQ 
DGADDCA CDGAIX3AGGCCGAAAGGCCGAA ADAADOG 
GADAADU CDGADGAGGCCGAAAGGCCGAA ADUCAUA 
DUCAGAU CDGADGAGGCCGAAAGGCCGAA AUUGAUU 
ADOCAGA CDGADGAGGCCGAAAGGCCGAA AADUGAU 
OAADDCA CDGADGAGGCCGAAAGGCCGAA ADAADDG 
OCCAAGD CDGADGAGGCCGAAAGGCCGAA ADDCAGA 
ADCCAAG CDGADGAGGCCGAAAGGCCGAA AADOCAG 
CAAADCC CDGADGAGGCCGAAAGGCCGAA AGDAADD 
AAGADCA CDGADGAGGCCGAAAGGCCGAA ADCCAAG 
EAAGADC CDGADGAGGCCGAAAGGCCGAA AACCCAA 
GGADUAA CDGADGAGGCCGAAAGGCCGAA ADCAAAD 
AD3GADU CDGADGAGGCCGAAAGGCCGAA AGADCAA 
PADGG AD CDGADGAGGCCGAAAGGCCGAA AAGADCA 
ADOOADG CDGADGAGGCCGAAAGGCCGAA ADUAAGA 
SADAAOT CDGADGAGGCCGAAAGGCCGAA ADGGADU 
EAADDAD CTGADGAGGCCGAAAGGCCGAA ADDDADG 
UDAADDA CDGADGAGGCCGAAAGGCCGAA AADDUAU 
EADOAAD CDGADGAGGCCGAAAGGCCGAA ADAADDD 
°GADAUD CDGADGAGGCCGAAAGGCCGAA ADDADAA 
TOGADAU CDGADGAGGCCGAAAGGCCGAA AADDADA 
EAGODGA CDGADGAGGCCGAAAGGCCGAA ADUAADU 
GCQAGDU CDGADGAGGCCGAAAGGCCGAA ADADUAA 
GADDOGC CDGADGAGGCCGAAAGGCCGAA AGDDGAU 
ttSACADU CDGADGAGGCCGAAAGGCCGAA ADUUGCU 
U ^ JmCU CDGADGAGGCCGAAAGGCCGAA ACADDGA 
ADGGUGU CDGADGAGGCCGAAAGGCCGAA AGOGACA 
ADOAACD CDGADGAGGCCGAAAGGCCGAA ADGGOGD 
EADDAAC CDGADGAGGCCGAAAGGCCGAA AADGGDG 
OTADADU CDGADGAGGCCGAAAGGCCGAA ACDAADG 
^GADAD CDGADGAGGCCGAAAGGCCGAA AACDAAD 
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Table 35: RSV (N) HE Target Sequence 



PCT/IB95/00156 



nt . 


HE Target Sequence 


nt - 


Position 




Position 


9 


GGCAAAU A CAAAGAU 


217 


21 


GAUGGCU C UDAGCAA 


218 


23 


UGGCUCU U AGCAAAG 


220 


24 


GGCUCUU A GCAAAGU 


229 


32 


GCAAAGU C AAGUUGA 


231 


37 


GUCAAGU U GAACGA0 


235 


45 


GAADGAU A CACUCAA 


236 


50 


AUACACU C AACAAAG 


254 


60 


CAAAGAU C AACDUCU 


260 


65 


ADCAACU U CUGUCAU 


253 


66 


UCAACUU C UGUCAUC 


277 


70 


CUUCUGU C ADCCAGC 


279 


73 


CUGUCAU C CAGCAAA 


284 


82 


AGCAAAU A CACCAUC 


299 


89 


ACACCAU C CAACGGA 


305 


108 


AGGAGAU A GUADUGA 


315 


111 


AGAUAGU A UOGADAC 


318 


113 


ADAGUAU 0 GAUACUC 


326 


117 


UADUGAU A CUCCUAA 


327 


120 


UGAUACU C CUAAUUA 


346 


123 


UACUCCa A ADUADGA 


347 


126 


UCCUAAU 0 ADGAUGU 


355 


127 


CCUAADU A UGAUGUG 


356 


146 


AACACAU C AAUAAGU 


361 


150 


CADCAAD A AGUUAUG 


370 


154 


AAUAAGU U AUGUGGC 


371 


155 


AUAAGUU A UGUGGCA 


383 


166 


GGCADGU U AUUAAUC 


384 


167 


GCA0GUU A UUAAUCA 


389 . 


169 


ADGUUAU U AADCACA 


395 


170 


UGUUAUU A AUCACAG 


401 


173 


UAUUAAD C ACAGAAG 


406 


186 


AGABGCU A ADCAUAA 


408 


189 


UGCOAAD C ADAAAUU 


415 


192 


UAA0CAU A AAUUCAC 


418 


196 


CADAAAU U CACCGGG 


431 


197 


ADAAADU C ACUGGGU 


449 


205 


ACOGGGU U AAUAGGU 


453 


206 


CUGGUJU A ADAGGUA 


460 


209 


GGUUAAU A GGQADGU 


472 


213 


AAUAGGU A UGUUADA 


474 



HH Target Sequence 



GGUADGU U AUADGCG 
GUADGUU A UACGCGA 
ADGUUAU A CGCGADG 
GCGAEGU C UAGGU U A 
GADGCCU A GGOTAGG 
UCUAGGU U AGGAAGA 
CUAGGUU A GGAAGAG 
ACACCAD A AAAAEAC 
UAAAAAJU A CUCAGAG 
AAADACU C AGAGADG 
GCGGGAU A UCADGUA 
GGGADAD C ADGUAAA 
■ ADCADGU A AAAGCAA 
ADGGAGU A GADGUAA 
UAGADGU A ACAACAC 
AACACAU C GUCAAGA 
ACAUCGU C AAGACAU 
AAGACAU U AADGGAA 
AGACAUU A ACGGAAA 
AUGAAAU U CGAAGUG 
UGAAAUU U GAAGUG U 
GAAGUGU U AACADUG 
AAGDGUU A ACADUGG 
UUAACAU U GGCAAGC 
GCAAGCU U AACAACU 
CAAGCUU A ACAACUG 
CUGAAAU U CAAATCA 
PGAAADU C AAADCAA 
UUCAAAU C AACADUG 
UCAACAU U GAGAUAG 
UUGAGAU A GAADCUA 
AUAGAAU C UAGAAAA 
AGAADCU A GAAAAUC 
AGAAAAU C CUACAAA 
AAAUCCU A CAAAAAA 
AAADGCU A AAAGAAA 
GAGAGGU A GCUCCAG 
GGUAGCU C CAGAAUA 
CCAGAAU A CAGGCAU 
CAUGACU C UCCDGAU 
UGACUCU C CUGADUG 
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480 


uccdgau o GOGGGATT 




491 


GGADGAU A ADAOUAIJ 




494 




»vD 


496 


AnAATTATT tJ ATlHTHirni 


7ftp. 

/uo 


497 


UAAnADtJ A DGtTAITArs 




501 


AUUADGU A UAGCAGC 


/ —J. 


503 


UADGUAU A GCAGCAJJ 


77 


511 


GCAGCAU U AGUAAJUA 


711 


512 


CAGCAUU A GUAAOAA 


740 


515 


CAUUAGU A AXJAACUA 


741 


518 


UAGUAAU A ACUAAAU 


742 


522 


AADAACXJ A AAUOAGC 


743 


526 


ACUAAAU U AGCAGCA 


751 


527 


CUAAAJJU A GCAGCAG 


754 


544 


GACAGAU C UGGOCUU, 


755 


549 


AUCUGGU C UUACAGC 


756 


551 


CDGGDOJ U ACAGCCG 


766 


552 


UGGUCUU A CAGCCGU 


7fi7 


563 


CCGUGAU U AGGAGAG 


7Sfl 
# oo 


564 


GGUGAUU A GGAGAGC 




573 


GAGAGCU A ATTAAnGU 




576 






581 


AnAADGU C CTJAAAAA 


Q1 1 

oJU. 


584 


AkSV7Ww^»U A iuuuvUJu 




603 


GAAACGO tT A£AAACft 


oXo 


604 


AAAOGOtJ A CAAAGGT 




613 


AAAGGCU O ACnATCC 


oz4 


614 


AAGGCOU A rmrmi 




617 


GCUUACtT A CCCAAfifi 


mo 


629 


AGGACAU A GCCAATA 


oJU 


640 


AACAGCtJ U cnADGAA 




641 


ACAGCDQ C nAttnAAft 


. Boo 


643 




o©9 


652 


GAAGUGU TJ CGAAAAA 


Q*9C 


653 


»»**WvU w wvwiAnL 


o7o 


663 


AAAAf , AT7 f* fTVarT n i 
aaatUmau v» LLwMJJU 


877 


670 


f\ V Y.MiOT 1 TT T T A T TJk^UTT 
VWCUWU U UnUnunU 


883 


671 




one 

895 


672 




913 


674 


A<"1 If 11 IATT a /**rvj b it t 


914 


680 




916 


681 


AGAUGUU TJ UUGUUCA 




682 


GAUGUUU U UGUUCAU 


923 


683 


AUGUUUU U GUUCAUU 


925 


686 


UUUUUUU U CAUUUUG 


943 


687 


UUUUGUU C ADUODGG 


946 


690 


UGUUCAU U UTJGGUAU 


947 


691 


GUUCAUU TJ DGGQATJA 


949 


692 


UUCAUUU U GGUAUAG 


950 



UUUUGGU A UAGCACA 
UUGGUAU A GCACAAU 
GCACAAU C UUCOACC 
ACAAOOJ TJ COACCAG 
CAADCUU C UACCAGA 
AUCUUCU A CCAGAGG 
HGGCAGU A GAGUDGA 
GOAGAGU V GAAGGGA 
AAGGGATJ U UUUGCAG 
AGGGAUU TJ UUGCAGG 
GGGADUU 0 TJGCAGGA 
GGAUUUU 0 GCAGGATJ 
GCAGGATJ U GOUUADG 
GGAUUGU a UADGAAD 
GADDGUU U ATJGAADG 
ADUGUUU A UGAADGC 
AATJGCCU A UGGUGCA 
GUGATJGCF U ACGGUGG 
tXSATOUU A CGGTJGGG 
GGGGAGU C UUAGCAA 
GGAGOCU TJ AGCAAAA 
GAGUCUU A GCAAAAU 
GCAAAAU C AGUUAAA 
AAUCAGU TJ AAAAADA 
AUCAGOa A AAAATJATJ 
UAAAAAU A UUAUGUU 
AAAAUAU U ADGUUAG 
AAATJATJTJ A UGUUAGG 
ADOADGU U AGGACAU 
UUAUGUU A GGACAUG 
ACAUGCU A GDGUGCA 
AACAAGU U GUDGACSG 
AAGTjTJGU U GAGGUUU 
UUGAGGU U UAUGAAU 
UGAGGUU U ADGAADA 
GAGGUUU A UGAAUAU 
UAUGAAU A UGCCCAA 
CAAAAAU U GGGUGGU 
GCAGGAU U CUACCAU 
CAGGAUU C UACCAUA 
GGAUUCU A CCAJJAUA 
COACCAU A UAUUGAA 
ACCADAU A TJUGAACA 
CAUAUAU U GAACAAC 
AAAGCAU C AUUAJCKJA 
GCATJCAU TJ AUUAUCU 
CAUCAUU A UUAUCUU 
UCAUUAU U AUCUUUG 
CAUUAUU A UCUUUGA 
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952 


UUauuaU c ouogacu 


954 


AUUAOCU u ugacuca 


occ 
955 


UUADutju 0 GACTCAA 


9oU 


UuuuaCU C AAUUUCC 


GCA 


ACuCAAu U 0CCUCAC 


965 


CUCAAUU U CCUCACU 


9oo 


UCAAOUU C CQCACUD 


SJo9 


AUuuuUJ C ACUUCUC 




CCUCACU U CUCCAGO 


0*7 A 


CuCACUU C DCCAGUG 


9/0 


^■* < % /WWW 4 ! Ji ■_ ■ ^ i , 

CACUUCU C CAGUGUA 


90.3 


CCAGOGU A GUABUAG 




GuGuAGu A UUAG3GA 




GUAGUAu U AGGCAAu 




UAGUAUU A GGCAAuG 


1007 


clhj^vu A GGGAuAA 


1013 


A AUGGGAG 


1024 




1032 


wUaAL*iu A wuuUGAG 


1044 


VaHUUrtAU V. AAUAUCU 


1050 


UCAAGAU C UAUADGA 




AAGAUUU A UADGADG 




GAUCUAu A UGAuGCA 




AAGGCAU A 0GC0GAA 




AACAAOT C AAAGAAA 




^-KiUUAU XJ AAC0ACA 




CG0GAUU A ACCZACAG 


■ 1 AO 


AUUAACU A CAGUGDA 


* : ■ T) 


ACAGUGU A COAGACQ 


1 *l 1 o 


GUGDACU A GACDUGA 




CQAGAQ7 U GACAGCA 


1-JJ 


AAGAACU A GAGGCUA 


1 1 AC 


% j — i — ■ _ — i ■ ^ — - _ 

AGAGGCa A UCAAACA 


1 1 40 

0 


AGGCUAU C AAACAUC 


1 1 cc 
— Ijj 


CAAACAU C AGCUUAA 


HoQ 


ADCAGCa U AADCCAA 




ECAGCUU A ADCCAAA 


1164 


GCDUAAU C CAAAAGA 


1173 


AAAAGAU A ADGADGU 


1181 


ADGAUGU A GAGCOUU 


1187 


UAGAGCU U UGAGUUA 


1188 


AGAGCOU U GAGOQAA 


1193 


UUUGACT U AATJAAAA 


1194 


U0GAGDU A AUAAAAA 
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Table 36: RSV (N) HH Ribozyme Sequence 



at • HH Ribozyme Sequence 

Position 

9 ADCUUUG CUGADGAGGCCGAAAGGCCGAA ADUUGCC 

21 UUGCUAA CUGADGAGGCCGAAAGGCCGAA AGCCAUC 

23 CUUUGCU CUGADGAGGCCGAAAGGCCGAA AGAGCCA 

24 ACDUDGC CUGADGAGGCCGAAAGGCCGAA AAGAGCC 
32 UCAACUU CUGADGAGGCCGAAAGGCCGAA ACUUUGC 
37 ADCADUC CUGADGAGGCCGAAAGGCCGAA ACDUGAC 
45 UUGAGUG OTGADGAGGCCGAAAGGCCGAA ADCADUC 
50 CUUUGUU CUGADGAGGCCGAAAGGCCGAA AGUGUAU 
60 AGAAGUU CUGADGAGGCCGAAAGGCCGAA ADCUOUG 

65 ADGACAG CUGAD5AGGCCGAAAGGCCGAA AGUDGAU 

66 GADGACA CUGADGAGGCCGAAAGGCCGAA AAGUUGA 
70 GCUGGAU CUGADGAGGCCGAAAGGCCGAA ACAGAAG 
73 DOOGCUG CUGADGAGGCCGAAAGGCCGAA ADGACAG 
82 GADGGUG CUGADGAGGCCGAAAGGCCGAA ADDUGCD 
89 DCCGUUG CUGADGAGGCCGAAAGGCCGAA ADGGUGU 
108 UCAADAC CUGADGAGGCCGAAAGGCCGAA ADCDCCU 
HI GUADCAA CUGADGAGGCCGAAAGGCCGAA A OJ AUCJ 
113 GAGUADC CUGADGAGGCCGAAAGGCCGAA ADACUAD 
117 UUAGGAG CUGADGAGGCCGAAAGGCCGAA ADCAADA 
120 UAADUAG CUGADGAGGCCGAAAGGCCGAA AGUAUCA 
123 DCAnAAD CUGADGAGGCCGAAAGGCCGAA AGGAGOA 

126 ACADCAU CUGADGAGGCCGAAAGGCCGAA ADUAGGA 

127 CACADCA CUGADGAGGCCGAAAGGCCGAA AADDAGG 
146 ACUUADU CUGADGAGGCCGAAAGGCCGAA ADGOGUU 
150 CADAACU CUGADGAGGCCGAAAGGCCGAA AUUGADG 

154 GCCACAU CUGADGAGGCCGAAAGGCCGAA ACUOADU 

155 UGCCACA CUGADGAGGCCGAAAGGCCGAA AACUDAD 
1SB GADUAAD CUGADGAGGCCGAAAGGCCGAA ACADGCC 
167 DGADUAA CUGADGAGGCCGAAAGGCCGAA AACADGC 

169 UGUGAD U CUGADGAGGCCGAAAGGCCGAA ADAACAD 

170 CUGUGAU CUGADSAGGCCGAAAGGCCGAA AADAACA 
173 COUCDGU CUGADGAGGCCGAAAGGCCGAA ADUAADA 
186 DUADGAD CUGAD3AGGCOGAAAGGCCGAA AGCADCU 
189 AADUUAD CUGADGAGGCCGAAAGGCCGAA ADUAGCA 
192 GUGAAUU CUGADGAGGCCGAAAGGCCGAA ADGADDA 

196 CCCAGUG CUGADGAGGCCGAAAGGCCGAA ADUUADG 

197 ACCCAGU CUGAD3AGGCCGAAAGGCCGAA AADUUAD 

205 ACCOADU CUGADGAGGCCGAAAGGCCGAA ACCCAGU 

206 UACCUAD CUGADGAGGCCGAAAGGCCGAA AACCCAG 
209 ACADACC CDGADGAGGCCGAAAGGCCGAA ADUAACC 
213 UADAACA CUGADGAGGCCGAAAGGCCGAA ACCUADU 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 PCI7IB95/00156 

278 

217 CGCADAD CUGADGAGGOCGAAAGGCOGAA ACADACC 

218 UCGCADA OTGADGAGGCCGAAAGGCCGAA AACADAC 
220 CADCGCA CUGADGAGGCCGAAAGGCCGAA AOAACAU 
229 UAACCUA CUGADGAGGCCGAAAGGCCGAA ACADCGC 
231 CCUAACC CUGADGAGGCCGAAAGGCCGAA AGACAUC 

235 UCUUCCU CUGADGAGGCCGAAAGCXXGAA ACCUAGA 

236 O CTUCC CUGADGAGGCCGAAAGGCCGAA AACCOAG 
254 OJAbu uu CUGADGAGGCCGAAAGGCCGAA ADGGUGU 
260 CUCDGAG CUGADGAGGCCGAAAGGCCGAA AJUUUUUA 
263 CADCOCU CUGADGAGGCCGAAAGGCCGAA AGUADUU 
277 OACADGA CUGADGAGGCCGAAAGGCCGAA ADCCCGC 
279 UUGACAD CUGADGAGGCCGAAAGGCCGAA ADADCCC 
284 UUGCUUU OTGADGAGGCCGAAAGGCCGAA ' ACADGAD 
299 UOACADC CUGADGAGGCCGAAAGGCCGAA ACUCCAU 
305 GbUJUG U CUGADGAGGCCGAAAGGCCGAA ACADCOA 
315 Uwu ^ AC CDGADGAGGCCTAAAGGCCGAA ADGUGUU 
318 AD3UCUU CUGADGAGGCCGAAAGGCCGAA AC GAD G U 

326 UUCCAD U CUGADGAGGCCGAAAGGCCGAA ADGUCUU 

327 UU UCCAP OTGADGAGGCCGAAAGGCCGAA AADGUCU 

346 CACUDCA CUGADGAGGCCGAAAGGCCGAA ADUUCMJ 

347 ACACTUC OTGADGAGGCCGAAAGGCCGAA AADUUCA 

355 CAADSUU CUGADGAGGCCGAAAGGCCGAA ACACUUC 

356 CCAADGU CUGADGAGGCCGAAAGGCCGAA AACACUU 
361 GCUUGCC CUGADGAGGCCGAAAGGCCGAA ADGUUAA 

370 AGUUGUU CUGADGAGGCCGAAAGGCCGAA AGCUUGC 

371 CAGUUGU CUGADGAGGCCGAAAGGCCGAA AAGCUDG 

383 UGADUDG CUGADGAGGCCGAAAGGCCGAA ADUUCAG 

384 UDGADUU CUGADGAGGCCGAAAGGCCGAA AADUUCA 

389 CAADGUU CUGADGAGGCCGAAAGGCCGAA ADUUGAA 

395 CUADCUC CUGADGAGGCCGAAAGGCCGAA ADGUUGA 

401 UAGADUC OTGADGAGGCCGAAAGGCCGAA ADCUCAA 

406 UUUUCUA CUGADGAGGCCGAAAGGCCGAA ADUCUAD 

408 GADUUU C CUGADGAGGCCGAAAGGCCGAA AGADUCU 

415 UuuwaG CUGADGAGGCCGAAAGGCCGAA A DU U UCU 

418 uuuuuw CUGADGAGGCCGAAAGGCCGAA AGGAUUU 

431 uuuuuuu CTGADGAGGCCGAAAGGCCGAA AGCADU0 

449 U **iAGC CUGADGAGGCCGAAAGGCCGAA ACCUOTC 

453 UADUCUG CUGADGAGGCCGAAAGGCCGAA AGCUACC 

460 ADGCCUG CUGADGAGGCCGAAAGGCCGAA ADUCUGG 

472 ADCAGGA CUGADGAGGCCGAAAGGCCGAA AGUCADG 

474 CAADCAG CUGADGAGGCCGAAAGGCCGAA AGAGUCA 

480 ADCCCAC CTGADGAGGCCGAAAGGCCGAA ADCAGGA 

491 ADAADAD CDGADGAGGCCGAAAGGCOGAA ADCADCC 

494 UACADAA CTGADGAGGCCGAAAGGCCGAA ADUADCA 

496 UADACAU CDGADGAGGCCGAAAGGCOGAA ADADUAD 

497 CUADACA CUGADGAGGCCGAAAGGCCGAA AADADUA 
S01 GCUGCUA CUGADGAGGCCGAAAGGCCGAA ACADAAD' 
503 ADGCUGC CTGADGAGGCCGAAAGGCCGAA ADACADA 
^11 UADUACU CUGADGAGGCCGAAAGGCCGAA ADGCUGC 
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512 uuauuaC CUGADGAGGCCGAAAGGCCGAA AADGCUG 

515 UAGUUAU CUGADGAGGCCGAAAGGCCGAA ACUAADG 

518 ADUUAGU CUGADGAGGCCGAAAGGCCGAA ADUACOA 

522 GCUAADU CUGAKSAGGCCGAAAGGCCGAA AGDUADU 

526 UGCUGCU CUGADGAGGCCGAAAGGCCGAA ADUUAGU ' 

527 CTOCUGC CUGADGAGGCCGAAAGGCCGAA AADUUAG 
544 AAGACCA CUGADGAGGCCGAAAGGCCGAA AUCUGUC 

.549 GCUGUAA .CUGADGAGGCCGAAAGGCCGAA ACCAGAU 

551 CGGCUGU CUGADGAGGCCGAAAGGCCGAA AGACCAG 

552 ACGGCUG CUGADGAGGCCGAAAGGCCGAA AAGACCA 

563 CUCUCCU CUGADGAGGCCGAAAGGCCGAA AUCACGG 

564 GCUCUCC CUGADGAGGCCGAAAGGCCGAA AADCACG 
573 AGAUUAU CUGADGAGGCCGAAAGGCCGAA AGCUCUC 
576 AGGACAD CUGADGAGGCCGAAAGGCCGAA ADUAGCU 
581 UUUUUAG CUGADGAGGCCGAAAGGCCGAA ACADUAU 
584 CADDUUU CUGADGAGGCCGAAAGGCCGAA AGGACAU 

603 CCUUUGU CUGADGAGGCCGAAAGGCCGAA ACGDUUC 

604 GCCUUUG CUGADGAGGCCGAAAGGCCGAA AACGUUU 
613 GGGUAGU CUGADGAGGCCGAAAGGCCGAA AGCCUUU 
S14 UGGGUAG CUGADGAGGCCGAAAGGCCGAA AAGCCUU 
617 CCUUGGG CUGADGAGGCCGAAAGGCCGAA AGUAAGC 
629 UGUUGGC CUGADGAGGCCGAAAGGCCGAA ADGUCCU 

640 UUCADAG CUGADGAGGCCGAAAGGCCGAA AGCUGUU 

641 CUUCAPA CTGADGAGGCCGAAAGGCOGAA AAGCUGU 
643 CACUUCA CUGADGAGGCCGAAAGGCCGAA AGAAGCU 

652 UUUuucA CUGADGAGGCCGAAAGGCCGAA ACACUUC 

653 GUUUUUC CUGADGAGGCCGAAAGGCCGAA AACACUU 
663 AAGUGGG CUGADGAGGCCGAAAGGCCGAA ADGUUUU 
670 AUCUADA CUGADGAGGCCGAAAGGCCGAA AGUGGGG 

. 671 CADCUAD CUGADGAGGCCGAAAGGCCGAA AAGUGGG 

672 ACADCUA CUGADGAGGCCGAAAGGCCGAA AAAGUGG 

674 AAACADC CUGADGAGGCCGAAAGGCCGAA ADAAAGU 

680 GAACAAA CUGADGAGGCCGAAAGGCCGAA ACADCUA 

681 UGAACAA CUGADGAGGCCGAAAGGCCGAA AACADCU 

682 ADGAACA CUGADGAGGCCGAAAGGCCGAA AAACADC 

683 AADGAAC CDGADGAGGCCGAAAGGCCGAA AAAACAD 

686 CAAAADG CUGADGAGGCCGAAAGGCCGAA ACAAAAA 

687 CCAAAAU CUGADGAiGGCCGAAAGGCCGAA AACAAAA 

690 AUACCAA CUGADGAGGCCGAAAGGCCGAA ADGAACA 

691 DADACCA CUGADGAGGCCGAAAGGCCGAA AADGAAC 

692 CUAD ACC CUGADGAGGCCGAAAGGCCGAA AAADGAA 
696 POTGCOA CUGADGAGGCCGAAAGGCCGAA ACCAAAA 
698 ADDGUGC CUGADGAGGCCGAAAGGCCGAA ADACCAA 
706 GGUAGAA CUGADGAGGCCGAAAGGCCGAA ADDGUGC 

708 CDGGUAG CUGADGAGGCCGAAAGGCCGAA AGADUGU 

709 U CUGGU A CUGADGAGGCCGAAAGGCCGAA AAGADDG 
711 CCUCUGG CUGADGAGGCCGAAAGGCCGAA AGAAGAU 
726 UCAACUC CUGADGAGGCCGAAAGGCCGAA ACUGCCA 
731 UCCCUUC CUGADGAGGCCGAAAGGCCGAA ACUCDAC 
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740 COSCAAA CUGADGAGGCCGAAAGGCCGAA AD C CC UU 

741 CCUGCAA COGADGAGGCCGAAAGGCCGAA AADCCCD 

742 OCCOGCA OX3ADGAGGCCGAAAGGCCGAA AAADCCC 
. 743 ADCCDGC OTGADGAGGCCGAAAGGCCGAA AAAADCC 

751 CAIJAAAC OTSAIXSAGGCCGAAAGGCCGAA ADCCDGC 

754 AOUCAUA COGADGAGGCCGAAAGGCCGAA ACAADCC 

755 CADOCAU COGADGAGGCCGAAAGGCCGAA AACAADC 

756 GCADOCA COGADGAGGCXXSUAGGCCGAA AAACAAD 
766 CGCACCA COGADGAGGCCGAAAGGCCGAA AGGCADU 

787 CCACCGU OX2ADGAGGCCGAAAGGCCGAA ACADCAC 

788 CCCACCG COGADGAGGCCGAAAGGCCGAA AACADCA 
800 DOGCQ AA COGADGAGGCCGAAAGGCCGAA ACOCCCC 

802 ooocgcu cogadgaggccgaaaggccgaa agacocc 

803 adcuogc cotadgaggcogaaaggccgaa aagacuc 
811 oodaacp otgadgaggccxaaaggccgaa adooggc 

815 uadooou otgadgaggccgaaaggccgaa acogadu 

816 adaduuu cdgadgaggccgaaaggccgaa aacogau 
822 aacadaa cogadgaggccgaaaggccgaa aliuuuua 

824 coaacad cogadgaggcogaaaggccgaa adadoou 

825 COZAACA COGADGAGGCCGAAAGGCOGAA AADADOU 

829 ADGOCCD COGADGAGGCCGAAAGGCOGAA ACADAAU 

830 cadgucc ojgausaggcceaaaggccgaa aacadaa 

840 OGCACAC COGADGAGGCOGAAAGGCCGAA AGCADGU 

866 CCUCAAC COGADGAGGCCGAAAGGCCGAA ACDOGUU 

869 AAACCOC CDGADGAGGCCGAAAGGCCGAA ACAACUU 

875 AD0CAUA COGADGAGGCCGAAAGGCOGAA ACCDCAA 

876 OADOCAD C0GADGAGGOCGAAAGGCOGAA AACCDCA 

877 ADADOCA OTGADGAGGCCGAAAGGCCGAA AAACCOC 
883 OOGGGCA CCGADGAGGCCGAAAGGCOGAA ADDCAUA 
895 ACCACCC COGADGAGGCCGAAAGGCCGAA ADDODDG 
913 ADGGUAG CUGADGAGGCCGAAAGGCCGAA ADCCDGC 
314 DADGGOA CDGADGAGGOCGAAAGGCCGAA AADCCDG 
916 ^PM3GG CDGADGAGGOCGAAAGGCCGAA AGAADCC 
921 OOCAAD A COGADGAGGCCGAAAGGCCGAA ADGGUAG 
323 EGUCCAA COGADGAGGCCGAAAGGCCGAA ADADGGD 
325 GOOGUCC C0GAD3AGGO0GAAAGGCCGAA ADADADG 
943 OAADAAD COGADGAGGCCGAAAGGCCGAA ADGCD UU 
946 AGADAAD COGADGAGGCCGAAAGGCCGAA ADGADGC 
347 AAGADAA Q3GADGAGGCCGAAAG3CCGAA AADGADG 
343 CAAAGAD COGADGAGGCCGAAAGGCCGAA ADAADGA 
350 DCAAAGA COGADGAGGCCGAAAGGCCGAA AADAADG 
552 AGOCAAA COGADGAGGCCGAAAGGCCGAA ADAADAA 

354 DGAGDCA COGADGAGGCCGAAAGGCCGAA AGADAAD 

355 DDGAGOC COGADGAGGCCGAAAGGCCGAA AAGADAA 
360 GGAAADU COGADGAGGCCGAAAGGCCGAA AGDCAAA 
964 GOGAGGA COGADGAGGCCGAAAGGCCGAA ADDGAGD 

365 AGOGAGG COGADGAGGCCGAAAGGCCGAA AADOGAG* 

366 AAGOGAG COGADGAGGCOGAAAGGCCGAA AAADUGA 
369 GAGAAGO COGADGAGGCCGAAAGGCCGAA AGGAAAD 
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973 ACUGGAG CUGADGAGGCCGAAAGGCCGAA AGUGAGG 

974 CACUGGA CTGADGAGGCCGAAAGGCCGAA AAGCGAG 
976 UACACUG OTGADGAGGCCGAAAGGCCGAA AGAAGCG 
983 CUAADAC CUGADGAGGCCGAAAGGCCGAA ACACUGG 
986 UGCCUAA CUGADGAGGCCGAAAGGCCGAA ACOACAC 

988 AUUGCCU CUGADGAGGCCGAAAGGCCGAA ADACUAC 

989 CADOGCC CUGADGAGGCCGAAAGGCCGAA AADACUA 
1007 UUAUGCC CUGADGAGGCCGAAAGGCCGAA AGGCCAG 
1013 CUCCCAU CUGADGAGGCCGAAAGGCCGAA ADGCCUA 
1024 ACCUCUG CUGADGAGGCCGAAAGGCCGAA ACUCUCC 
1032 CUCGGUG CUGADGAGGCCGAAAGGCCGAA ACCUCUG 
1044 AGADCUU CUGADGAGGCCGAAAGGCCGAA ADUCCUC 
1050 UCAUADA CUGADGAGGCCGAAAGGCCGAA ADCCCGA 
1052 CADCADA CUGAUGAGGCCGAAAGGCCGAA AGADCUU 
1054 DGCADCA CUGADGAGGCCGAAAGGCCGAA ADAGADC 
1072 UUCAGCA CUGADGAGGCCGAAAGGCCGAA AEGCCUD 
1085 DUUCUUU CUGADGAGGCCGAAAGGCCGAA AGUDGCU 

1103 UGUAGUU COSADGAGGCCGAAAGGCCGAA ADCACAC 

1104 CUGUAGU CUGADGAGGCCGAAAGGCCGAA AADCACA 
1108 UACACUG CUGADGAGGCCGAAAGGCCGAA AGUUAAD 
1115 AGDCOAG CUGADGAGGCCGAAAGGCCGAA ACACUGU 
1118 UCAAGUC CUGADGAGGCCGAAAGGCCGAA AGUACAC 
1123 UGCUGUC CUGADGAGGCCGAAAGGCCGAA AGCCUAG 
1139 UAGCCUC CUGADGAGGCCGAAAGGCCGAA A OJU CU U 
1146 UGUUDGA CUGADGAGGCCGAAAGGCCGAA AGCCUCU 
H48 GAUGUUU CUGADGAGGCCGAAAGGCCGAA ADAGCCD 
1155 UOAAGCU CUGADGAGGCCGAAAGGCCGAA ACGDUUG 
1160 • UUGGAUU CUGADGAGGCCGAAAGGCCGAA AGCUGAD 
1-61 UUUGGAU CUGADGAGGCCGAAAGGCCGAA AAGCUGA . 
HS4 UCUUUUG CUGADGAGGCCGAAAGGCCGAA AGUAAGC 
1173 ACAUCAD CUGADGAGGCCGAAAGGCCGAA ADC U U UU 
H81 AAAGCUC CUGADGAGGCCGAAAGGCCGAA ACADCAD 
H87 UAACOCA CUGADGAGGCCGAAAGGCCGAA AGCUCUA 
1188 UUAACDC CUGADGAGGCCGAAAGGCCGAA AAGCUCU 

1193 UUUUAD U CUGADGAGGCCGAAAGGCCGAA ACUCAAA 

1194 UUUUDAD CUGADGAGGCCGAAAGGCCGAA AACUCAA 
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Table 39: Large-Scale Synthesis 



Sequence 


Activator 
[Added/Final] 
(min) 


Amidite 
[Added/Final] 
(min) 


Time* 


% Full 
Length 
Product 


AgT 
AgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15m 
15 m 


85 
89 


(GGU) 3 GGT 
(GGLOaGGT 


T [0.50/0.33] 
S r0 25/0 171 


[0.1/0.02] 

IU.1/U.02J 


15m 
15m 


78 
81 


CgT 
CgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


90 
97 


UgT 
UgT 


T [0.50/0.33] 
S [0.25/0.17] 


[0.1/0.02] 
[0.1/0.02] 


15 m 
15 m 


80 
85 


A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 
A (36-mer) 


T [0.50/0.33] 
S [0.25/0.17] 
S [0.50/0.24] 
S [0.50/0.18] 
S [0.50/0.18] 


[0.1/0.02] 
[0.1/0.02] 
[0.1/0.03] 
[0.1/0.05] 
[0.1/0.05] 


15/1 5m 
15/15 m 
15/15 m 
15/15 m 
10/5 m 


21 
25 
25 
38 
42 



•Where two coupling times are indicated the first refers to RNA coupling 
and the second to 2'-Omethyl coupling. S = 5-S-Ethyltetrazole T - 
tetrazole activator. A is 5' -ucu ccA UCU GAU GAG GCC GAA AGG CCG 
AAA Auc ecu -3' where lowerecase represents 2'-Omethylnucleotides 
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Table 40: 



Sequence Deprotection 
Reagent 



iBu(GGU) 4 NHtOH/EtOH 
MA 

AMA 
MA 

AMA 

iPrP(GGU) 4 NHtOH/EtOH 
MA 
AMA 
MA 

AMA . 

CgU NHtOH/EtOH 
MA 

AMA 
MA 

AMA 

A (36-mer) NHtOH/EtOH 
MA 



Base Deprotection 



Time T *C % Full 
(mm) Length 
Product 



16 h 






10 m 






10m 


65 


74.8 


10m 


55 


75.0 


10 m 


55 


T7 O 


4h 


65 


44.8 


10 m 


65 


65.9 


10 m 


65 


59.8 


10 m 


55 


61.3 


10 m 


55 


60.1 


4h 


65 


75.2 


10m 


65 


79.1 


10 m 


65 


77.1 


10 m 


55 


79.8 


10m 


55 


75.5 


4h 


65 


22.7 


10 m 


65 


28.9 
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Table 41: 2'-0-Alkylsilyl Deprotection 



Sequence Deprotection Time T °C % Full 

Reagent (min) Length 

Product 

AgT TBAF 24 h 20 84.5 

1.4 MHF 0.5 h 65 81.0 

(GGU) 4 TBAF 24 h 20 60.9 

1.4 MHF 0.5 h 65 67.8 



Cio TBAF 24 h 20 



86.2 



-3 



1.4 MHF 0.5 h 65 86.1 

Uio TBAF 24 h 20 84.8 

1.4 MHF 0.5 h 65 84.5 

B(36-mer) TBAF 24 h 20 25.2 

1.4 MHF 1.5 h 65 30.6 

A(36-mer) TBAF 24 h 20 29.7 

1.4 MHF 1.5 h 65 30.4 
B is 5 1 - UCU CCA UCU GAU GAG GCC GAA AGG CCG AAA AUC CCU 
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Table 44. Kinetics of Self-Processing In Vitro 



Self-Processing Constructs 


k (min* 1 )* 


HH 


1.16 ± 0.08 


HDV 


0.56 ± 0.15 


HP(GC) 


0.36 ± 0.06 


HP(GU) 


0.054 ± 0.003 



* k represents the unimolecular rate constant for ribozyme self-cleavage 

determined from a non-linear, least-squares fit (KaleidaGraph, Synergy 

Software, Reeding. PA) to the equation: 

(Fraction Uncleaved Transcript) = ~ (1-e" 1 ") 

The equation describes the extent of ribozyme processing in the presense of 
ongoing transcription (Long & Uhlenbeck, 1994rWM a „ ^ M ^ „ 
6977) as a function of time (t) and the unimolecular rate constant for cleavage' 
(k). Each value of k represents the average ft range) of values determined 
from two experiments. 
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Entry Modification 



Table 45 



h/2 (m) 
Activity 
(t A ) 



U/2 (m) 
Stability 
(ts) 



P = t s /t A 
x 10 



1 

2 


U4 & U7 = U 

U4 & U7 = 2'-0-Me-U 


1 

4 


0.1 
260 


1 

650 


3 
4 
5 


U4 = 2'=CH2-U 
U7 s 2'=CH 2 -U 
U4 & 1 X7 — 9'— ru. 1 1 


6.5 
8 

9.5 


120 
280 
120 


180 
350 
130 


6 
7 

s 


U4 = 2*=CF2-U 
U7 = 2'=CF2-U 


5 . 
4 

20 


320 
220 
320 


640 
550 
160 


9 

10 
11 


U4 = 2'-F-U 
U7 = 2'-F-U 


4 
8 
4 


320 
400 
300 


800 
500 
750 


12 
13 
14 


U4 = 2'-C-Allyl-U 
U7 = 2'-C-Allyl-U 
U4 & U7 = 2'-C-Ailyl-U 


3 
3 
3 


>500 

220 

120 


>1700 

730 

400 


15 
16 
17 


U4 = 2'-araF-U 
U7 = 2'-araF-U 
U4 & U7 = 2'-araF-U 


5 
4 

15 


>500 

350 

500 


>1000 

875 

330 


18 
19 
20 


U4 = 2'-NH2-U 
U7 = 2'-NH 2 -U 
U4 & U7 = 2'-NH2-U 


10 

' 5 

2 


500 
500 
300 


500 

1000 

1500 


21 
22 


U4 = dU 

U4 & U7 = dU 


6 
4 


100 
240 


170 
600 
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10 



15 



20 



25 



30 



CLAiMg 

What is claimed is: 

1. An enzymatic nucleic acid molecule which cleaves ICAM-1 mRNA, IL- 

5 mRNA, relA mRNA, TNF-amRNA sites shown in Table 23, 25, 
27, or 28, CML associated mRNA selected from those identified as 
SEQ. ID NOS 1-25. or RSV mRNA or RSV genomic RNA in a 
region selected from the group consisting of 1C, 1B and N. 

2. The enzymatic nucleic acid molecule of claim 1, the binding amis of 

which contain sequences complementary to any one of the 
sequences defined in any of those in Tables 2, 3, 6-9, 11, 13 15- 
23,27,28,31,33,34,36, and37. 

3. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 

nucleic acid molecule is in a hammerhead motif. 

4. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 

RNA molecule is in a hairpin, hepatitis delta virus, group 1 intron, 
Neurospora VS RNA or RNaseP RNA motif. 

5. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 12 and 100 bases complementary to said mRNA or 
genomic RNA. 

6. The enzymatic nucleic acid molecule of claim 5 comprising between 

14 and 24 bases complementary to said mRNA or genomic RNA. 

7. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 5 and 23 bases complementary to said mRNA or genomic 
RNA. 

8. The enzymatic nucleic acid molecule of claim 7 comprising between 

10 and 18 bases complementary to said mRNA or genomic RNA. 

9. An enzymatic nucleic acid molecule consisting essentially of a 
sequence selected from the group of those shown in Tables 4-8 
10. 12, 14-16, 19-22, 24, 26-28, 30, 32, 34 and 36-38. 

10. A mammalian cell including an enzymatic nucleic acid molecule of 
claims 1 or 2. 
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11. The cell of claim 10, wherein said cell is a human cell. 

12. An expression vector including nucleic acid encoding an enzymatic 
nucleic acid molecule or multiple enzymatic molecules of claims 1 
or 2 in a manner which allows expression of that enzymatic RNA 
molecule(s) within a mammalian cell. 

13. A mammalian cell including an expression vector of claim 12. 

14. The cell of claim 13, wherein said cell is a human cell. 

15. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5, ml A, TNF-cc, or RSV by administering 
to a patient an enzymatic nucleic acid molecule of claim 1 or 2. 

16. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5, relA, TNF-cc, or RSV by administering 
to a patient an expression vector of daim 12. 

17. The method of claims 15 or 16, wherein said patient is a human. 

18. The method of claim 17 wherein said condition is selected from the 
group consisting of atherosclerosis, myocardial infraction, stroke, 
restenosis, heart diseases, cancer, rheumatoid arthritis, asthma, 
reperfusion injury, inflammatory or autoimmune disorders, 
transplant rejection, myocardial ischemia, stroke, psoriasis, 
Kawasaki disease, HIV and AIDS, and septic shock. 

19. A nucleoside selected from the group consisting of 5'-C- 
alkylnucleoside, 2'-deoxy-2'-alkylnucleoside, nucleoside 5'-deoxy- 
5'-dihalo-methylphosphonate, nucleoside S'-deoxy-S'-difluoro- 
methylphosphonate, nucleoside 3'-deoxy-3'-dihalo- 
methylphosphonate, and 5\3'-dideoxy-5\3'-bis(dihalo)- 
methylphosphonate. 

20. A nucleotide selected from the group consisting of 5'-C- 
alkylnucleotide, ^-deoxy^'-alkylnucleotide, 5'-deoxy-5'-dihalo- 
methylnucleotide, S'-deoxy-S'-difluoro-methylnucleotide, 3'-deoxy- 
3'-dihalo-methylnucleotide, and S'.S'-dideoxy-S'.S'-bisfdihalo)- 
methylphosphonate. 
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21. A nucleotide triphosphate comprising a nucleotide selected from the 
group consisting of 5'-C-alkylnucleotide, 2'-deoxy-2'- 
alkylnucleotide, S'-deoxy-S'-dihalo-methylnucleotide, 5'-deoxy-5'- 
difiuoro-methylnucleotide, 3'-deoxy-3'-dihalo-methylnucleotide, 
and 5 , ,3'-dideoxy-5 , 1 3 , -bis(dihalo)-methylphosphonate. 

22. The 5'-C-alkylnucleoside of claim 19, wherein the sugar portion is in 
a talo configuration. 

23. The 5'-C-alkylnucIeoside of claim 19, wherein the sugar portion is in 
an alio configuration. 

24. An oligonucleotide comprising a nucleotide selected from the group 
consisting of 5'-C-alkylnucleotide, 2'-deoxy-2'-alkylnucJeotide, 5'- 
deoxy-5'-dihalo-methylnucleotide, 5'-deoxy-5'-difluoro- 
methylnucieotide, 3'-deoxy-3'-dihalo-methylnucleotide, and 5\3'- 
dideoxy-5',3'-bis(dihalo)-methylphosphonate. 

25. An oligonucleotide comprising a moiety having the formula: 

wherein B is a nucleotide base or hydrogen; R1 , R2 and R3 
independently is selected from the group consisting of hydrogen, 
an alkyl group containing between 2 and 10 carbon atoms 
inclusive, an amine, an amino acid, and a peptide containing 
between 2 and 5 amino acids inclusive; and the zigzag lines are 
independently hydrogen or a bond. 

26. An oligonucleotide comprising a 3-amido or peptido group. 

27. An oligonucleotide comprising a 5-amido or peptido group. 

28. The oligonucleotide of claim 24. 25, 26, or 27 having enzymatic 
activity. 

29. Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of forming said enzymatic molecule with at 
least one nucleotide having an alkyl group at its 5'-position or 2'- 
position. 
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30. Method for conversion of a protected alio sugar to a protected talo 
sugar, comprising the step of contacting said protected alio sugar 
with triphenyl phosphine, diethylazodicarboxylate, p-nitrobenzoic 
acid under inversion causing conditions to provide said protected 

5 talo sugar. 

31. Method for the synthesis of a nucleoside 5' or a 3"-dihalo- 
methylphosphonate comprising the step of condensing a 
difluoromethylphosphonate-containing sugar with a pyrimidine or 
purine under conditions suitable for forming a nucleoside 5'- or 3'- 

1 0 difluoromethylphosphonate. 

32. The oligonucleotide of claim 3, wherein the normal hammerhead U4 
and/or U7 positions are substituted with 2'-NH-amino acid. 

33. A method for the synthesis of RNA comprising the step of providing 
5-S-alkyltetrazole at a delivered 0.1-1.0 M concentration for the 

1 5 activation of a RNA amidite during a coupling step for less than or 

equal to 10 minutes. 

34. A method for the synthesis of RNA comprising the step of providing 
5-S-alkyltetrazole at 0.15-0.35 M effective, or final, concentration for 
the activation of a RNA amidite during a coupling step for less than 

20 or equal to 10 minutes. 

35. A method for the deprotection of RNA comprising the step of 
providing alkylamine (MA) or NH 4 OH/alkylamine (AMA) at between 
60°C - 70°C for 5 to 15 minutes to remove any exocyclic amino 
protecting groups from protected RNA; wherein said alkyl Is 

25 selected from the group consisting of methyl, ethyl, propyl and 

butyl. 

36. A method for the deprotection of RNA alkylsilyl protecting groups 
comprising, contacting said groups with anhydrous 
triethylamine-hydrogen fluoride (aHF«TEA) trimethylamine or 

30 disopropylethylamine at between 60 °C-70 °C for 0.25-24 h. 

37. A method for the purification of an RNA molecule by passing said 
enzymatic RNA molecule over an HPLC column, wherein said 
HPCC column is an anion exchange chromatography column. 
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38. Method for one pot deprotection of RNA comprising, contacting a 
protected base with anhydrous methyl amine at between 60 °C-70 
°C for at least 5 min, cooling the resulting mixture and contacting 
said mixture with TEA-3HF reagents under conditions which 
remove a protecting group of the 2'-hydroxyl position. 

39. Method for synthesizing RNA containing a phosphorothioate linkage 
comprising the step of contacting 6-10 equivalents of 3H-1.2- 
benzodithiole-3-one 1,1 -dioxide (Beaucage reagent) with the 
growing RNA chain for 5 seconds with a reaction time of at least 
300 seconds. 

40. Method of synthesizing RNA containing a phosphorothioate linkage 
comprising the step of achieving coupling with 5-S-ethyitetrazole or 
5-S-methyltetrazole prior to sulfurization. 

41. Method of claims 38, 39 or 40 wherein said RNA is enzymatically 
active. 

42. Method for synthesizing 2'-deoxy-2 , -amino-nucleoside 
phosphoramidite, comprising the step of protecting the 2'-amino 
group with a N-phtaioyl group. 

43. The method of claim 42 wherein the said nucleoside lacks a base. 

44. Method for synthesis of RNA comprising the step of: protecting the 
2'-position of a nucleotide during said synthesis with a 
(trimethylsilyl)ethoxymethyl (SEM) group. 

45. Method for covalently linking a SEM group to the 2'-pos'rtion of a 
nucleotide, comprising the step of: contacting a nucleoside with an 
SEM-corrtaining molecule under SEM bonding conditions. 

46. The method of claim 45, wherein said conditions comprise dibutyltin 
oxide and tetrabutylammonium fluoride and SEM-CI. 

47. Method for removal of an SEM group from a nucleoside molecule or 
an oligonucleotide, comprising the step of: contacting said 
molecule or oligonucleotide with boron trifluoride etherate 
(BF3«OEt2) under SEM removing conditions. 
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48. The method of claim 57 wherein said (BF3»OEt2) is provided in 
acetonitriie. 

49. One or more vectors comprising 

a first nucleic acid sequence encoding a first ribozyme having 
5 intramolecular or intermolecular cleaving activity, said first 

ribozyme being selected from the group consisting of a 
hammerhead, hairpin, hepatitis delta virus, Neurospora VS RNA, 
Group I, and RNaseP motif; 

and a second nucleic acid sequence encoding a second ribozyme 
10 having intermolecular cleaving activity, said Second ribozyme 

being selected from the group consisting of a hammerhead, 
hairpin, hepatitis delta virus, Neurospora VS RNA, Group I, and 
RNaseP motif and said second nucleic acid being flanked by other 
nucleic acid sequences encoding RNA which is cleaved by said 
15 first ribozyme to release said second ribozyme from RNA encoded 

by said vector; 

wherein said first and second nucleic acid sequences may be on the 
same or separate nucleic acid molecules, and said vector encodes 
mRNA or comprises RNA which lacks secondary structure which 
20 reduces release of said second ribozyme by more than 20%. 

50. Cell comprising the vector of claim 49. 

51. A transcribed non-naturally occurring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises 
an intramolecular stem formed by base-pairing interactions 

25 between a 3' region and 5' complementary nucleotides in said 

RNA, wherein said stem comprises at least 8 base pairs. 

52. The RNA molecule of claim 51, wherein said molecule is transcribed 
by a RNA polymerase III based promoter system. 

53. The RNA molecule of claim 51, wherein said molecule is transcribed 
30 by a type 2 pol III promoter system. 

54. The RNA molecule of claim 51, wherein said molecule is a chimeric 
tRNA 
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55. The RNA molecule of claim 53, said RNA having A and B boxes of a 
type 2 pol III promoter separated by between 0 and 300 bases. 

56. The RNA molecule of claim 53, wherein said desired RNA molecule 
is at the 3' end of said B box. 

57. The RNA molecule of claim 53, wherein said desired RNA molecule 
is in between the said A and the B box. 

58. The RNA molecule of claim 53, wherein said desired RNA molecule 
includes said B box. 

59. The RNA molecule of claim 51, wherein said desired RNA molecule 
is selected from the group consisting of antisense RNA, decoy RNA, 
therapeutic editing RNA, enzymatic RNA, agonist RNA and 
antagonist RNA. 

60. The RNA molecule of claim 51, wherein said 5' terminus is able to 
base-pair with at least 12 bases of said 3' region. 

61. The RNA molecule of claim 51, wherein said 5* terminus is able to 
base-pair with at least 15 bases of said 3' region. 

62. DNA vector encoding the RNA molecule of claim 51 

63. The vector of claim 62, wherein said vector is derived from an AAV 
or adeno virus. 

64. RNA vector encoding the RNA molecule of claim 51 . 

65. The vector of claim 64, wherein said vector is derived from an alpha 
virus or retro virus. 

66. The vector of claim 62 wherein the portions of the vector encoding 
said RNA function as a RNA pol III promoter. 

67. Cell comprising the vector of claim 62. 

68. Cell comprising the vector of claim 53. 

69. Cell comprising the RNA of claim 51. 
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70. Method to provide a desired RNA molecule in a ceil, comprising 
introducing said molecule into said cell a RNA comprising a 
desired RNA molecule, having a 5' terminus able to base pair with 
at least 8 bases of a 3' region of said RNA molecule. 

71. The method of claim 70, wherein said introducing comprises 
providing a vector encoding said RNA molecule. 

72. Hammerhead ribozyme having 2 or 3 base pairs in stem II with an 
interconnecting loop of 4 or more bases between said base pairs. 

73. Hairpin ribozyme lacking a substrate moiety, comprising at least six 
bases in helix 2 and able to base-pair with a separate substrate 
RNA, wherein the said ribozyme comprises one or more bases 3' 
of helix 3 able to base-pair with the said substrate RNA to form a 
helix 5 and wherein the said ribozyme can cleave and/or ligate said 
separate RNA(s) in trans.- 

74. The ribozyme of claim 73, wherein said ribozyme comprises six 
bases in helix 2. 

75. The ribozyme of claim 73, having the structure of Fig. 3, wherein 
each N and N' is independently any base and each dash may 
represent a hydrogen bond, r is 1-20, q is 2-20. o is 0 - 20, n is 1 - 
4, and m is 1 - 20. 

76. Method for increasing the activity of a hairpin ribozyme by providing 
one or more bases 3' of helix 3 able to base-pair with a substrate 
RNA to form a helix 5. 

77. Trans-cleaving Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

78. Trans-ligating Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

79. The ribozyme of claim 73 having the structure of Fig. 73. 

80. The ribozyme of claim 73 having the structure of Fig. 74. 

81 . A cell including the ribozyme of any of claims 73-80. 
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82. An expression vector comprising nucleic acid encoding the 
ribozyme of any of claims 73-80, in a manner which allows 
expression of that ribozyme within a cell. 

83. A cell including an expression vector of claim 82. 

5 84. Method for altering in vivo the nucleotide base sequence of a 
naturally occurring mutant nucleic acid molecule, comprising the 
steps of: 

contacting said nucleic acid molecule in vivo with an 
oligonucleotide or peptide nucleic acid able to form a duplex or 
1 0 triplex molecule with said nucleic acid molecule, wherein formation 

of said duplex or triplex molecule directly, or after nucleic acid 
repair in vivo, causes at least one base in said nucleic acid 
molecule to be chemically modified to functionally alter the 
nucleotide base sequence of said nucleic acid sequence. 

15 85. The method of claim 84, wherein said oligonucleotide is of a length 
sufficient to activate dsRNA deaminase in vivo to cause conversion 
of an adenine base to inosine in an RNA molecule. 

86. The method of claim 84, wherein said oligonucleotide comprises an 
enzymatic nucleic acid molecule which is active to chemically 

20 modify a base. 

87. The method claim 84, wherein said nucleic acid molecule is DNA or 
RNA. 

88. The method of claim 84, wherein said oligonucleotide comprises a 
chemical mutagen. 

25 89. The method of claim 88, wherein said mutagen is nitrous acid. 

90. The method of claim 84 wherein said oligonucleotide causes 
deamination of 5-methylcytosine to thymidine, cytosine to uracil, or 
adenine to inosine, or methyiation of cytosine to 5-methylcytosine. 

91. The method of claim 84, wherein an endogenous mammalian 
30 editing system is co-opted to cause said chemical modification. 
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92. Method for introduction of enzymatic nucleic acid into a cell or 
tissue, comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
5 molecule having sufficient complementarity with said first nucleic 

acid molecule so that it is able to form an R-loop base-paired 
structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
10 RNA from said first nucleic acid under said conditions; 

and contacting said complex with said ceil or tissue under 
conditions in which said enzymatic nucleic acid molecule is 
produced in said cell or tissue. 

93. Method for introduction of a desired nucleic acid into a cell or tissue, 
15 comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
desired nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
20 structure under physiological conditions with said first nucleic acid 

molecule; wherein said first nucleic acid molecule lacks a promoter 
region and said R-loop is formed in a region of said first nucleic 
acid molecule at a location which promotes expression of RNA from 
said first nucleic acid under said conditions; 

25 and contacting said complex with said cell or tissue under 

conditions in which said desired acid molecule is produced in said 
cell or tissue. 

94 Method for introduction of a desired nucleic acid into a cell or tissue, 
comprising the steps of; 

30 providing a complex of a first nucleic acid molecule encoding said 

enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
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structure under physiological conditions with said first nucleic acid 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic acid under said conditions; 

and wherein said second nucleic acid further comprises a 
localization factor; 

and contacting said complex with said cell or tissue under 
conditions in which said desired nucleic add molecule is produced 
in said cell or tissue. 

95. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

96. Complex of a first nucleic acid molecule encoding a desired nucleic 
acid associated with a second nucleic acid molecule having 
sufficient complementarity with said first nucleic acid molecule so 
that it is able to form an R-loop base-paired structure under 
physiological conditions with said first nucleic acid molecule; 
wherein said first nucleic acid molecule lacks a promoter region 
and said R-loop is formed in a region of said firet nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic add under said conditions. 

97. Complex of a first nudeic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
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first nucleic acid under said conditions, and wherein said second 
nucleic acid further comprises a localization factor. 
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F/G. 26. 



EcoRI T7 Promoter Trans Ribozyme 3' Cis-acting Ribozyme Hindlll 
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FIG. 27. 
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FIG. 34a. 
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FIG. 34b. 
S3 

FIG. 34c. 
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FIG. 34d. 
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FIG. 34e. 
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JTjQ ^j.^. S35 Sequence 



GGCAGAACAG CAGAGUGGCG CAGCGGA AGC GUGCUGGGCC CAUAACCCAG 5 0 
AGGUCG AUGG AUCGAAACCC CGG AUCGUAC CGCGGUGG AU CC ACUCUGCU 100 
GUUCUGUUU 109 

FIG. 45. HHIS35 

GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
OACCOAAAGG UCCGAAACGG GCAGGAUCCA CUCUGCUGUU CUGUUU 146 

Underlined bases indicate the HHI ribozyme sequence 



FIG. 46. S35 p,us Sequence 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGGGAUC CUAACGAUCC 100 
GGGGUGUCGA UCCAUCACUC UGCUGUUCUG UU U 133 



FIG. 47- HHIS35 Plus 



GGCAGAACAG CAGAGUGGCG CAGCGGAAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUGAG 100 
CACCGAAAGG T 1CC.G A A ACGG QCAGGAUCCU AACGAUCCGG GGUGUCGAUC 150 
CAUCACUCUG CUGUUCUGUU U 171 



Underlined bases indicate the HHI ribozyme sequence 
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This is based on Geiduschek & Tocchini-Valentini, 
(1988) Annu. Review Biochem. 57, 873-914. However 
this consensus sequence is not meant to be limiting 
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FIG. 50. 
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